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A>  ConelQgions 

^         Germany  enterec?  19^  with  virtually  no  stocks  of  any  major 
'^ferro-alloy,  with  the  possible  exception  of  manganese.    Of  the 
v-major  ferro-alloys,  only  vanadium  might  be  produced  In 
c  proper  in  sufficient  quantity  to  meet  nar  requircnents,  and  even 
^  this  at  the  cost  of  lowered  steel  production.   Domestic  proouction 
^\  of  manganese  mi^t  amount  to  20  percent  and  the  output  of  nickel 

!  and  tungsten  to  only  fire  or  six  percent  of  v;ar  reouirements. 
■   '  The  production  of  cobalt  is  negligible,  and  there  are  no  chrome 
or  molybdenum  deposits  within  German  borders.    To  maintain  its 
alloy  steel  economy,  Germany  is  therefore  dependent  upon  current 
supplies  from  outside  of  Germany,    because  many  of  these  sources 
are  located  at  the  extreme  limit  of  German  cotttrol  or  In  neutral 
countries,  effective  military  and  econoiiic  iwrfare  measures  can 
decisively  alter  the  Geman  position  in  ferro-allpys  in 

•  Biglneering,  or  ordnance  steels,  which  constitute  92  percent 
of  Germany's  alloy  steel  output,  would  be  most  seriously  affected 
by  the  loss  of  the  two  major  ferro-alloys,  manganese  and  chrome. 
The  loss  of  manganese  from  Nikopol  would  be  a  heavy  blow  to  the 
German  steel  economy,  though  the  effect  will  not  be  inwdlAte 
because  of  available  stocks  and  current  production  of  nanpnese  in 
Etaeny  Europe.    If,  In  addition,  however,  the  chrome  supplies  fi-om 
Turkey  and"  the  Balkanr  were  cut  off,  the  German  alloy  steel  economy 
ai^  break  down  eoiapletely. 

'  Cobalt  and  nickel  from  Finland  and  molybdeniun  from  Norway, 

;     although  available  only  in  extremely  limited  quantities,  are  Jupof^^ 
I     to  the  Germans.    The  elimination  of  these  sources  would  be  reflected 
in  an  almost  Ui«ediate  deterioration  of  qualily  in  many  specialized 
ordnance  materials,  lAich  do  not  Involve  a  very  large .  tonnage  but 
which  are  nevertheless  vital  to  the  German  war  economy. 

An  interruption  in  the  flow  of  tungsten  from  Spain  and.  Portugal 
to  Gerr.any  would  ultimately  lead  to  a  sharp  curtailment  in  the  Frac- 
tion of  high-speed  steels-  and  die  castings  as  well  as  tungsten  carbide, 
and  may  make  impossible  the  production  of  carbide  cores  for  armor- 
piercing  projectiles. 

However,  the  German  war  economy  will  not  collapse  immediately 
upon  the  loss  of  the  major  ferro-alloys,  because  as  the  war  situation 
becomes  critical,  Germany  can  resort  to  the  exhaustion  of  the  so-called 
"pipe-line  reserves,"  using  up  every  available  ton  of  sullies 
the  country.    Lioreover,  Germany  %Till  benefit  by  the  lag  factor.  Because 
of  the  pipe-line  reserves  and  the  lag  factor,  6  to  9  months  may^pse 
before  the  interrupticm  of  the  flow  of  ferro-all^s  to  C-ermany  from 
occupied  or  neutral  countries  is  likely  to  be  reflected  in  the  output 
or  quality  of  aanuniti^  or  other  war  materiel. 


i±  \ 

Even  before  the  war,  in  an  effort  to  become  self-sufficient,  ' 
Genaai^  pimetised  stringent  economy  in  the  consiimption  of  ferro-alloys. 
Hie  p9raotie«  spread  during  the  mr  and  finally,  with  the  introdueticm  i 
of  the  so-called  substitute  steels,  aore  or  less  equi'vvdent  to  the  I 

United  States  Kational  i^nerfency  Steels,  affected  all  steel  makers.  j 
The  formulas  of  these  steels,  which  assured  the  presence  of  steel  j 
properties  requested  by  Orcmance,  utilized  to  the  utmost  the  alloy  ^ 
power  of  the  various  alloys.  In  Germany,  as  in  the  United  States,  j 
the  emer^'ency  steels  are  not  inferior  in  quality  to  prewar  steels  \ 
which  consumed  such  larger  quantities  of  ferro-alloys.  | 

In 'spite  of  the  economical  use  of  alloyiner  elenMnts  and  the  ^ 
practice  of  substitution, .  the  limited  available  supplies  of  virgin 
alloys  would  have  been  inadequate  if  Germany  had  not  requisitioned  r 
all  supplies  of  alloy  scrap. 

Genaany  also  controlled  the  mine  output  of  all  occupied  countries* 
rsqirisitioning  siqjpllest  eaqianding  produetlcm  as  such  as  possible, 
and  rumlTlfig  destr^sd  or  negLseted  i^its  and  installations.  It 
received  ferro-alloy  ores  from  certain  neutral  countries.    As  a  result^ 
GanBon  moffUlm  of  virgin  ferro-alloys  in  1943  vera  as  follonsx  > 

Gexmany:    Current  Ferro-Alloy  Supplies,  1943 
(in  metric  tons  of  contained  metal; 


Tram  occupied  Yrom  neutral  Coaestie  Total  ^ 

Wmnrth^lm          ecmatriaa  eoimtard—  urognction  siaaplica 

Manganese                 300,000  -  50,000^  350,000 

Nickel          .                6,000  c/  -  1,000  7,000 

Chromium                    33,000  12,000                -  ii.5,000 

■olybdemsB           650  to  700  -                  -  650  to  700 

TttngstenCooneaBtzmtaa)  .  3,100              200  3,300 

VanadiuB                        -  -  1,000  d/  1,000 

Cobalt                  125  to  175  j/  -                   125  250  to  300 


^    In  addition,  Germany  had  some  stocks'  from  19^2 — about  4-,  000  tons 
of  chromium,  200  tons  each  of  molybdenum  and  vanadium,  and  250  tons 
of  tUBgffteB* 

22/  Hii^iaat  astinate. 

c/  3,500  tons  from  Finland. 

d/  Some  of  the  vanadium  was  obtained  in  Belgian  steel  plants. 

^  Finland. 


Bxeept  for  Boljibdflniai  and  nieke!,  Gonany's  farro-alloy  siqjplies 
were  probably  snff ideot  to  satisfy  reqiuireawnts  in  the  production  of 
ovnr  fbmr  aillifin  tons  of  alloy  stael  in  19^«   Howevary  the  pattern 


I  used  in  the  United  States  for  engineering  steels  demohstrates  that  a 
I  balanced,  system  in  these  steels  calls  for  the  apjplication  of  four 
'  alloying  elements— manganese,  chromium,  nickel,  and  molybdenum. 
I  Gerr^y  was  not  able  to  maintain  such  a  system  in  its  engineering 
/  steels,  and  probably  either  shifted  or  was  on  the  verge  ot*  shifting 
I  sometime  in  1943  to  a  two-allpy  pattern,  based  on  chromium  and 

manganese,  which  could  be  more  readily  disrupted  than  a  four-alloy 
'  pattern.    "iVhether  the  shift  to  a  two-alloy  pattern  has  already  tAken 
place  cannot  be  proved,  empirically,  because  there  are  as  yet  no 
.analyses  of  captured  materiel  manufactured  in  194-3.    But  even  if  1943 
materiel  were  found  to  contain,  in  addition  to  manganese  and  cfaroaiifli, 
some  small  amounts  of  nickel  or  iaolybdenm»  they  would  probably 
represent  residuals  from  scrap  recovery,  rather  than  virgin  allays 
intentionally  introdoead  In  the  steal* 

In  1943,  German  steel  output  amounted  to  ?5  million  tons,  of 
which  over  four  million  tons  were  alloy  steel.    Linking  194A  steel 
production  may  decline  considerably.    The  reoccupation  of  France, 
Belgium,  and  Luxembourg  would  cut  German  supplies  of  iron  ore  in  half 
and'lower  total  steel  production  by  about  25  percent.   The  halting  of 
Swedish  courts  of  hi^-gSrade  iron  ore  would  cause  an  additional  cut 
of  about  25  percent.    The  bombing  of"  plants  and  transportation  centers 
may  play  an  la9)ortant  role  in  still  further  reducing  German  steely 
output.    However,  as  long  as  Germany  can  obtain  supplies  of  chromium 
and  manganese,  the  tonnage  of  alloy  steel  produced  will  probably  remain 
in  the  neighborhood  of  four  million  tons. 

If  direct  military  action  or  economic  marfare  measures  succeed 
in  cutting  off  edbalt  and  nickel  from  Finland,  molybdenum  from  Nbnay, 
and  tungsten  ftom  the  Iberian  Peninsula,  the  German  alloy  steel  economy 
win  be  most  seriously  affected.    Even  more  important,  should  manganese 
from  Nikopol,  as  well  as  chrome  from  Turkey  and  the  Balkans  be  lost  to 
Germany,  its  alloy  steel  economy  will  collapse  completely  within  6  to 
9  months. 
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(I.  INIRGDDCTION 

'  Possible  territorial  changes  in  194A  may  have  a  much  more 

pronounced  effect  on  German  supplies*  of  ferro-alloys  than  on  those 
of  iron  ore.    The  chief  sources  of  iron  ore,  Germany  proper  and  the 
Lorraine  basin,  are,  for  the  present,  secure.    The  seeosid  largest 
source,  to  Sweden,  may  be  less  secure,  thou^  not  actually  threatened. 
The  sources  of  alloytog  elenente,  on  the  other  hand,  situated,  with 
one  or  two  exeeptions,  on  the  Muges  of  Eorope,  are  such  aovo 
open  to  attack. 

The  analysis  made  in  this  report  of  Germany's  supply  position 
in  ferro-alloys  is  based  on  the  interrelation  of  the  ferro-alloys 
and  their  effect  upon  the  alloy  steel  production  to  the  Geman  wr 
econony.    Such  a  survey  would  have  been  difficult  to  cmi^tict  at  tho 
bogtontog  of  the  war  when  Germany  had  at  its  disposal  impressive 
stocks  of  raw  materials  and  huge  cuantities  of  stored  ammunition, 
when  the  Germans  had  not  yet  digested  the  immense  loot  from  neigh- 
boring countries,  and  when  captured  materiel  was  scarce  and  not 
available  for  analysis.    At  the  present  time,  however,  with  a 
relatively  stabilized  economy  in  EnecQr  Europe,  and  with  the  crucial 
year  1944  just  beginning,  an  overall  survey  of  tho  Geraan  allogr  stool 
position  seen  practicable. 

In  the  absence  of  exact  information  concerning:  the  amount 
of  alloy  steel  produced  in  Germany,  the  pattern  of  steel  produc- 
tion in  the  United  States  and,  to  a  smaller  extent,  that  in  Great 
Britain,  has  been  used  as  a  working  basis,  to  be  modified  to  tho 
light  of  known  German  condition^.    Such  procedure  soews  Justifloi 
by  the  fact  that  the  Germans  thenselvos  rocogolse  the  close 
slBilarity  of  at  least  some  American  steels  to  respective  German 
typos.    This  conclusion  was  reached  by  the  German  Aeronautical 
Research  Institute  in  a  report  on  the  engtoe  construction  of 
American,  British,  and  French  planes  shot  down  inside  Germany  to 
the  first  two  years  of  the  war.    These  planes  were  subjected  to 
a  metallurgical  analysis,  with  the  result  that  tho  Q«man  applica- 
tion of  alloys  was  found  to  correspond  moro  closely  to  that  of 
the  thiitod  States  than  to  that  of  (kmt  Britato.  ]/ 


]J  The  British  steels  were  declared  to  contain  more  alloying 
element  than  German  standard  for  the  same  stresstog  wonld 
allow.    See  The  Iron  Age.  Docenber  25,  1941,  pp.  33-40. 


tz.  nniniiBiiTiT.e  of  wsms  alloy  stiel  uEtiujsm 

Alloy  steel  is  the  keystone  of  a  modern  war.    A  country 
whose  plants  could  produce  only  carbon  steel  and  whose  ammunitloDy 
tanks  y  and  cdrcraft  contained  no  alloy^  could  not  resist 
iodsfiiiitely  ail  weny  equippad  with  tools  and  waapons  nada  of 
alloar  ataal*  Ilia  aneeaaa  of  all  vaaponsy  off anatva  as  wall  aa 
dafenaiway  la  to  a  larga  aadwit  dependent  upon  tha  uaa  of  allojr 
atael  ac^eribr  In  parfowttea  to  that  of  the  eneaor.    The  great 
coDplexity  of  elements  In  modem  war  equipment  is  exemplified  by 
the  alloy  analysis  of  a  German  projectile  selected  at  random  (see  \ 
Table  1).  { 

,  1 

TABXS  1  I 

Analysis  of  Metals  Used  in  German  8.8  cm.  Projeotila  ' 
(AxBor^iereing  Bound,  Noae  Cap  of  a  Shall)  . 


SLcttant  a/ 

C 

m  p 

8  SI 

m 

Cr  V 

2r  V 

Percent  of 
contained 

.59 

•70  .OIS 

.025  1U5 

.61 

.60  .12 

.09 

Sonraai    T^Ty^w^nfltion  of  Enemy  Materiel:    A  Metallurgrical  Examina-  1 

tion  of  Two  German  8.8  cm.  High  tolosive  Shells.  National  ( 

Defense  Research  Committee,  IViar  Metallurgy  Division,  \ 

August  lA,  19A3»  p.  8.      .  i. 

§/  fkm  aLsMnta  rapraaentad      tha  wjwtola  ara,  in  order  gitant 

eaxtaiy  Moganese,  phoaphoraa,  aolplniry  ailleoiiy  nickel,  ehradUB, 

vanadiuffl,  and  zirconium. 
^   The  analysis  also  showed  the  presence  of  Insignificant  amounts 
of  tungsten,  molybdenum,  copper,  aluminum,  titanium,  and  tin. 
In  addition,  the  report  stated  that  "The  amount  of  boron  shown,  \ 
*les8  than  0.01  percent*,  aerely  meana  that  abaanoe  of  boron 
WM  not  pr&nui  it  deaa  not  aean  that  bevoo  waa  pratent.*  (p.  3). 


Every  addition  of  a  new  element,  even  to  the  extent  of  only 
0.12  percent  (vanadium),  as  shown  in  Table  1,  affects  the  properties 
of  the  final  product,  either  by  strengthening  some  reactions  or  by 
^  neutralizing  others*    Such  reactions  have  bean  subjected  to  hnndrads 
'  of  tasia  in  labonitorite  and  HMtotriaa,  and  probably  years  of 
aqiariMBtlag  prra  attiatioii  to  the  ataal  ocapoaition  of  this  projaetile. 


j         Some  farro-c^loya  have  a  long  hiatoiy*   To  cite  bat  ona 
'  aaEaaplat   the  Tblado  swords ^and  arms,  fanous  throa^tit  aaaj 
eentnriea,  owad!^ their  strength  and  flexibility  to  the  addition 
of  snail  amounts  of  tungsten  and  manganese  to  the  ordinary  Spanish 
carbon  steel.    Some  other  alloys,  such  as  vanadium,  are  of  recent 
date.    The  transition  from  carbon  steel  to  ternary  or  more  complex 
alloy  steel  in  the  manufacture  of  war  eoiiipment  has  been  gradiaal, 
and  the  composition  of  alloy  steel  iised  for  this  purpose  has 
gradnally  changed  with  tiJM  and  aoeumlated  ai^erienea*   What  ia 
■ore  Sapartaat,  in  the  last  decade  substantial  ehangaa  bare  baan 
■ate  ia  tha  i^iplieation  of  different  aUogriag  alenunta. 

To  be  adopted  for  manufacture  after  its  utility  has  been 
demonstrated,  each  alloy  has  had  to  meet  the  competition  of  other 
alloys  in  several  respects— price,  availability,  ease  of  treat- 
■ent,  cooplexity  of  wmipnent  required,  and  the  nnriber  of  aan* 
boors  nd  awsBt  of  alaotrie  energy, oonsmed  in  ita  production. 
Otaea  adopted,  an  alloy  is  usually  continued  in  use  until  scarcity 
or  new  experimentatioii  or  both  introduce  a  new  allogr  steel  to  the 
ataal  industry. 

UnlQue  Properties  of  Varfi»wa  Allovs 

This  report  is  chiefly  cooeemad  with  only  the  most  i^rtant 
stsfil  Mil  Tuft  fflri^*-*'*''*Trft   mginnir'Trj  cfaronium,  molybdenum,  nickel, 
silicon,  tuBiatsB,  cobalt,  and  vanadium.    A  few  minor  alloys,  such  as 
titani»9  baroKf.  or  sireopiaBf  are  also  considered  briefly. 

Each  alloying  element  has  distinct  characteristics  and  imparts 
to  the  steel  specific  and  Individual  properties  if  applied  within 
the  waXX^-Ml&rad  lijidta  of  an  Established  haat-4raatiBir  aehsdiflii. 

ChroKlum  in  small  quantities  accounts  for  strength,  wear 
resistance,  and  hardenability  of  steel,  and  in  large  amounts  provides 
resistance  to  corrosion  and  oxidation.    Manganese  in  small  amounts 
improves  the  rolling  and  forging  qualities  of  steel,  neutralizes 
sulphur,  and  increases  strength.    In  large  anounts  it  iaeraaaaa  tha 
raaiadaan  of  steel  to  abraaioB.   Tungsten  and  wanadiiai  are  atroiig 
fftB%yiiTii  IffliiL'  agentsf  in  addition,  tungsten  provides  tha  red 
har^teas!  of  steel,  while  vanaditim  controls  the  grain  size  and 
makes  the  steel  tough  and  resistant  to  repeated  shocks.  Lolybdenuia 
improves  the  strength  of  steel  and  is  indispensable  in  making 
certain  creep  resistant  steels.    Nickel  increases  the  tensile 
strength  and  toughness  and  in  large  aaotmts  also  tha  corroaiflB 
raaiatiaee  of  ataal.   Cobalt  ia  a3jwat  vmiqam  Sn  boMding  tongaten 


ou^ld«*  aniecii,  within  Halts  tqp  to  .30  p«reent,  is  used  | 
mlBlj^  A  dMBiaiBttr.  It  «l«o  incTmm^B  the  tensile  strength  \ 
of  stoel* 

On  the  whole,  alloying  elements  make  steel  stronger  and 
more  ductile,  refine  its  grain,  counteract  the  effects  of  oxides 
and  gasesy  eliminate  impurities,  and  raise  resistance  to  corro- 
sioBy  stemslOBy  fatigue,  or  wear.    These  effects,  however,  are 
iMhimd  only  when  alloying  elensnts  are  applied  in  the  proper 
wigr.    The  amount  to  be  added  may  range  tram  as  little  as  O.OQl 
percent  for  boron  2/  to  as  high  as  28  percent  for  chromium,  or 
IP  percent  for  tungsten.    If  the  proportion  is  violated,  the  sans 
alloying  metal  may  produce  harmful  results.    For  instance,  an 
increase  of  boron  content  over  0,01  percent  impairs  the  forging 
qualities  of  steel  and  meikes  it  less  tough.    Raising  the  chromium 
enteat  beyond  four  peroent  inereases  the  strength  but  deoreases 
the  tom^moos  of  hi|^  isp^  steel  so  that  another  alenent  wist  bo 
added.  ' v 

Furthermore,  none  of  the  alloying  elements  is  fully  effec- 
tive if  used  by  itself.    In  addition  to  manganese  up  to  0,6  percent, 
i^eh  is  essential  in  qrdinary,  or  carbon,  steel,  a  combination  of 
at  least  two  elenents  is  required^   Actually,  throA  or  fdur  alloys 
are  assdod  to  assure  the  greatest  allqy  effloienoy  in  a  steel,  fiat 
instance,  the  hardenability  effects  of  several  -elements  raultipjy 
each  other  #iile  increased  anonnts  of  one  elenant  are  lass  than 
additive. 

Intarchangeabilitv  of  Allovs 

Insofbr  as  their  properties  eoineido,  the  alloying  elenants 
can  to  sons  extent  replace  each  other,   fbr  Instance,  hardensbilily 

can  be  achieved  by  the  addition  of  a  specified  amount  of  laanguiesSy' 
chromliun,  molybdenum,  or  nickel.    Resistance  to  corrosion  can  be 
assured  by  chromium  and  increased  by  nickel.    Greater  tensile 
strength  can  be  reached  throu^  the  addition  of  manganese,  plus 
ohronisn  or  nolybdeniB,  or  certain  other  alloying  elements. 

Equivalent  "bsrdensbility"  eff eets  in  alloy  steal  can  be 
obtained  if,  for  every  .S  percent  of  nmgnese  in  excess  of  the 
nanguieae  contained  in  carbon  steel,  other  elements  are  substituted 

^  Sam  alloying  elenents,  such  as  boron,  titanium,  and  sirconiuB, 
are  added  to  steal  in  eactrensly  ninnte  qnsntities.   In  metallurgy, 
these  elenents  sre  ealled  "additire  agents."  Their,  importanee 
should  not  be  underestimated,  as  they  are  freouently  used  in  the 
absence  of  major  alloying  elements.    IVhen  additives  are  used,  a 
smaller  percentage  of  major  alloying  elements  is  required.  How- 
ever, as  they  are  probably  used  to  about  the  same  extent  in  the 
United  States  and  in  Germany  and  as  both  countries  at  present  have 
an  adequate  supply,  they  will  not  be  considered  separately  in  this 
report.    The  final  calculations  are  not  affected  by  their  omission. 
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t  the  following  rates  t 
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•32  of  one  percent 

of  a 
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.15  »     »  • 

• 

• 

J14  *    "  ■ 

» 

• 

^lybdenon 

1.0  percent 

w 

■ 

nickel 

UL5  of  ono  " 

n 

sillffftn 

In  other  words,  roughly  32  pounds  of  chromium,  2A  pounds 
iof  molybdenum,  100  pounds  of  nickel,  or  115  pounds  of  silicon 
>e  used  to  replmsa  80  potsids  of 


Th«  alloys,  however,  ara  not  oonpletely  interchangeable. 
iSteelHBakers  know  that  differences  resulting  from  the  use  of 
idiff erent  alloy  metals  can  be  Influenced  by  such  factors  as 
(variability  in  the  heat  treatment,  the  forging  and  quenching 
{temperatures,  the  kind  of  tools  used  and  their  handling. 


LTha  lange  of  intevefasngaribilitr  of  alloying  elenents  is  wid«r 
low-alloy  steaU  and  narrower  in  high-alloy  steels.  Little 
f  substitution  is  possible  in  high-speed  steels,  and  there  is  mo 
i  sabstitmta  for  ahMdnn  in  stainless  steals* 

Vmm  of  Scran  in  Making  Allov  Steel 

In  the  manufheture      steel  by  the  open-hearth  preaess  nmeh 

 is  mada  of  scrap,  a  large  part  of  which  originates  In  the  steal 

itself.    Broadly,  half  the  charge  of  open-hearth  furnaces  is 
scrap,  and  half  of  it  comes  from  the  circulating  load  of  croppings, 
skulls,  and  clippings  of  the  steel  mill.    Even  in  peacetime,  alloy 
steel  scrap  was  used  to  effect  a  saving  in  the  consumption  of  virgin 
alloy  metals.    This  universal  metallurgical  practice  has  growi  in 
Importance  since  the  beginning  of  the  present- wr,  as  the  stoel 
industry  Mm  had  to  eater  to  an  sver^isereasing  denand  for  stasis 
»  of  spoeified  qwOifleations  in  spite  of  the  deficiency  in  some 
(1  ii^ortant  ferro-alloys  and  unstable  supplies  of  others.    The  import* 
\Y  ance  of  scrap  can  be  seen  from  the  following  example:    1,000  lbs. 
of  new  nickel  applied  in  making  3.5  percent  nickel  steel  will 
produce  12.8  tons  of  nickel -bearing  Ingots,  if  new  nickel  only  is 
ei!i5)loyed;  whereas,  22.8  tons,  or  almost  dembUm  the  saooBt,  on  be 
prodoosd  tram  1,000  lbs.  of  new  nigral  if  the  steel  plant  rcpferU 
serap  and  also  uses  the  semp  reeowered  during  the  f  Inlehlng 
operations.    About  the  same  relative  Increase  in  the  tonnage  of  alloy 
steel  Ingots  could  be  obtained  from  molybdenum,  tungsten,  or  cobalt  by 
the  use  of  scrap,  as  these  elements  are  not  oxidized  in  steel-making 
and  thus  the  percentage  of  recovery  is  high.    Vanadium  and  chroniun, 


bMOMM  of  oiidatioii  during  the  steel  wilrlng^  have  a  lower  recovery 
tbm  Hiose  eleBsota  pre^ioasly  MstioiMd  «Ble«8  special  processes 
are  used  for  reelanatlon.    In  the  United  States,  52  percent  of  the 
nickel,  3^  percent  of  the  ehraitaB  sad  44  psreent  of  the  «0i3jMeiii» 

CQDsuMd  COBS  trom  scrap*  ) 

'  I 

Different  Tvpee  i»f  Allov  &t^\  I 

V 

P4w^y  rtftftlff-   lbs  lirgest  consoaptioii  of  f ttro-alloys 
is  in  igliisei  lug  steelsy  utilissd  aostly  for  ordasnoe  purposes, 

in  transport  eotdpncnty  sad  in  structural  work.    The  alloy  content  { 
of  these  steels  is  ordinarily  not  over  two  percent  and  seldom  more  1 
than  five  percent,  but  their  total  tonnage  is  large;  they  constitute  i 
about  92  percent  of  all  alloy  steel  made  in  the  United  States.  The 
psreeBtsge  of  engineering  steels  produced  in  Germany  is  assumed  to  be 
•ifraxtaitely  as 

No  direct  information  is  available  on  the  tonnage  of  various  1 
f erro-idloys  consumed  in  the  production  of  engineering  steels  in 
Enemy  Europe.    However,  a  convenient  yardstick  is  provided  by  the  I 
experience  of  metallurgy  in  the  United  States,  where  tremendous  strides  I 
iMM  been  nade  during  the  present  war  in  the  utilization  of  available 
•llcgriag  eleants  to  the  Halt  of  their  potential  power.    Such  adnmoes 
mm  9lm  smunsd  Qawmif* 

To  measure  the  ultimate  potentialities  which  can  be  realized 
through  the  application  of  the  most  essential  ferro-alloys,  A.  B.  Kinzel,| 
one  of  the  world's  leading  metallurgists,  suggests  the  use  of  the  concepti 
"alloy  power".    By  his  definition,  alloy  power  is  a  measure  of  the 
effect  produced  by  alloying  elcMuts  added  to  steel  in  specified 
imatlties  and  under  a  specified  beat  treatment  irtdch  assures  sufficient 
cooling  to  give  a  uniform  microstructure  to  the  steel,  so  that  the 
Baximum  strength  and  ductility  are  attained.    The  unit  of  alloy  power 
here  chosen  is  the  alloy  effect  reauired  to  produce  in  a  steel  bar  ' 
1.75  Inches  in  diameter  the  same  properties  of  strength  and  ductility  | 
ttmt  Mild  be  obtained  in  a  one-inch  bar,  with  the  same  heat  treatment, 
but  without  that  allflgr  la  the  steel*   Thus,  by  utilising  completely 
the  potentialities  of  f erro-allejs,  steel  shapes  of  larger  sizes 
can  be  given  the  desired  hardness  and  toughness  and  can  be  made 
to  retain  them  better,  with  the  identical  heat  treataent  given  to 
snaller  shapes  of  carbon  steel*. 
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Table  2  shows  the  alloy  power  used  in  the  United  States  for 
;h  1,000  tons  of  engineering  steels  to  produce  maximum  strength 
td  ductility.    In  general,  the  various  alloying  elements  can  be 
perchanged  quantitatively  as  long  as  there  is  a  oonibination  of 
least  teo  ferro-alloys*   Vor  Instanoe,  four  units  of  aiokel, 
3 12  units  of  asagsBMie,  1*28  units  of  chrenta,  or  0.96  units  of 
Bikljbdenun  csa  be  substituted  for  each  other  as  ai^teilablo* 

i  TiBLE  2 

i 

I        United  States:    Alloy  Power  Used  per  1,000  Tons  of 
I  Ibginesring  Steel  a/ 


> 

J  misar.  

Alloy  power 

Bardenability 

iaount  of  aHogr 

llangsaese 

13.8 

0.8 

liolTbdenun 

5*4 

0.24 

1.3 

(Ihroainn 

1S*4 

0*52 

5*8 

1.0p 

JUL 

!  Total 

a.6 

Source:  Calculated  on  the  basis  of  Unitod  States  aur  emmmp^im  of 
T  ferro-«llQgr«  in  englaeeHag  stoelo. 

a/   This  estiaate  Is  aade  on  an  Hngot-alloylng  element"  basis;  i*e*f 
the  amounts  given  are  of  virgin  alloy  metals  only,  the  normal 
alloying  content  provided  by  scrap  being  assumed.    In  the  United 
States,  the  units  given  in  this  table  are  comprised  in  steels 
containing  more  than  one  percent  of  ■sngsneso  or  .30  to  .40 
percent  of  mUSuH  or 


{ 


This  pattern  of  production  of  engineering  steels  was  followed 
in  the  United  States  during  the  last  quarter  of  19^3  i^en  the  greatest 
care  was  beinp  exercised  to  utilize  the  maximum  power  of  ferro-alloys. 
However,  it  is  not  a  rigid  pattern,  and  it  is  conceivable  that  in 
,   some  months  smaller  proportions  of  ferrO'^JJ.cgrs  nsra  OMsnnfi  than 
i  in  others.   Thou^  it  does  not  offer  a  preside  eiiluatl^n  of  ^ 
i   tonnage  of  the  warlous  ferro-alloys  unedf  this  estimate  does  establish 
I   tlie  order  of  magnitttfte  in  which  they  Jtfw  used«    It  is  Jnot  <liliUc«h1o 
I  to  edthsr  stsinlses  <ar  tool  stoela. 

I  Stainless  steels.  The  stainless  steels  are  used  mainly  in 

'  the  chemical  industries  and  in  aircraft  aotor  parts,  because  of  ths 
need  for  reslstsaee  to  eannooioD«  reslstoaoe  to  wary  tsnpsrstmi 
upadtal  flilnaMstorlstiiQS.  mm  oraeafs  s^J^y  oondM^  oT  iimm 

ft 


V 
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steels  is  around  20  percent,  although  about  two-thirds  of  all  stain- 
less steels  have  an  alloy  content  up  to  25  percent.    In  the  United 
States,  the  stainless  steels  constitute  about  2/3  of  one  percent 
of  the  total  steel  output,  or  about  five  percent  of  total  alloy 
•teel.   Am  Qmnany  has  a  highly  developed  chemical  industry  and 
producf  large  awonts  of  Qjr&tliotie  nkibfat,  oil,  and  fibersy  its 
needs  for  stainless  steels  must  be  at  least  jflroportioiiately  equal 
to  those  of  this  country.    The  United  States  ratio  of  stainless  steels 
to  total  steel  will  therefore  be  accepted  for  Germany.    Should,  however, 
such  elements  as  nickel  and  chromium,  indispensable  in  making  stainless 
steels,  become  critically  short  in  Germany  in  19^,  the  ratio  will  j 
be  lovefred  soaertiat,  to  perhaps  0,5  percent  of  the  total  steel  output,  j 

Tool  steels.    There  are  two  groiqps  of  tool  steels:  1)  low- 
alloy  steels  which  normally  have  less  than  two  percent  of  alloy 
content  but  may  have  up  to  six  percent,  and  2)  high-speed  steels 
and  die  steels,  having  a  range  of  alloy  content  from  6  to  24.  per- 
cent.   In  the  United  States  industry  went  through  a  period  | 
of  intensive  retooling  during  which  the  yearly  output  of  tool  j 
•teels  aaoonted  to  about  140,000  short  tons  in  eeeh  group.    In  1943,  I 
the  high-speed  steels  amounted  to  about  one  percent  of  total  alloy  | 
steel  output,  and  they  will  rane-e  between  0.5  and  0.6  percent  of 
the  total  in  194/,  when  the  output  is  expected  to  be  only  about  70,000  i  . 
tons  of  high-speed  steels  and  about  120,000  tons  of  other  tool  steels. j 


industry  had  been  thoroughly  retooled  before  the 
war  and  did  not  need  to  undergo  fkmdanental  conversion  as  did  the 
United  States  industry.    On  the  other  hand,  the  wear  and  tear  on 
the  old  German  tools  and  machinery  must  have  been  very  great, 
and  with  a  niarober  of  plants  bcanbed  out  of  .operation,  there  is  need 
for  new  installations  and  tools.    Some  obsolete  equipment  may  reoulre 
redesigning.    There  must  also  be  a  recurrent  demand  for  retooling 
in  those  plants  operating  2A  hours  a  day,  in  which  the  machinery  is 
subjected  to  alwwt  constant  use,  and  in  wkiUk  the  heterogenous  workers 
«f  various  natloaalities  and  backgrounds  possess  different  degress  of 
ad^tiibili^  and  skill  in  iModling  the  tools* 

Furthermore,  Geiiraany  is  using  plants  and  workshops  all  over 
P\irope  for  the  production  of  war  equipment  on  German  account.  Their 
installations  and  tooling  equipment  had  to  be  adjusted  to  German 
noeds,  liiicli  assnt  a  densnd  for  nore  tool  steels*   France,  for 
exaaple,  flonMrly  pdrodueed  only  20  percent  of  the  tools  required  j 
by  its  intestriss,  the  rest  bdlng  imported  fron  the  Ihiited  States,  j 

.  J 


\ 


Great  Britain,  and  Germany.  The  tool  conversion  of  French  plants 
to  production  on  German  account  most  have  peea  carried  through  ty 
Germany. 

In  view  of  these  factors,  and  allowing  for  sone  tool  destruc- 
tion by  bosbing,  the  denind  for  tool  steels,  including  carbide 
tools,  in  Gewwiy  nay  be  expected  to  be  in  the  sane  proportion  to 
total  steel  requirements  as  in  the  United  States.    It  would  seem 
reasonable,  therefore,  to  estimate  the  German  output  of  hifh-spe(?d 
tool  steels  at  about  0.7  to  0.8  percent  of  the  total  alloy  steel, 
or  at  about  35,000  to  40,000  tons  a  year.    A  larger  amount  of  low-alloy 
tool  steels  mqt  be  produced,  riising  the  total  tool  steels  oatfttt 
to  pezhaps  100,000  tons  a  year* 

» 


III.    4XiiOI  STEEL  ECOMOMI  IN  THE.  UHIIED  STATES  AMD  GREAT  BRITAIN 


Steel  Production  of  the  Unllyd  Stat^« 

As  mrlf  M  XS06y  Oemoi         produetiim  rtoorirad  fXtoa  th« 
depression  of  the  mxlj  1930 ubA  Qontiimsd  to  grow  until  tlM 

outbreak  of  the  nar.  On  the  other  hand,  in  1939,  the  production  of 
steel  In  the  United  States  was  about  five  percent  under  the  1929 
level,  having  overcome  a  sharp  drop  in  1935,  when  there  was  a  JU. 
percent  decrease  in  steel  production  and  a  4.5  percent  cut  in  the 
ovIiNit  of  allo7  steel*  Since  the  beginning  of  the  war,  a  strong 
vpmatd  aovwMnt  In  steel  prodnstioii  ima  :Uikm  pisoo,  as  slmm  in 
Tsble  3. 

TABI£  3  , 

United  States:    Production  of  Steel  and  Alloy  Steel,  1935-1943 

(in  1,0CX)  short  tons) 


Total 

Alloy  stool  Ingots  §/ 
Totsl  FemflMt 

1935 

38,200 

2,100 

5.5 

1936 

53,500 

2,850 

5.3 

1937 

56,650 

3,000 

5.3 

1938 

31,750 

1,650 

5.2 

1939 

52,800 

3,210 

6.1 

1940 

67,000 

4,970 

7.A 

19a 

82,850 

8,200 

9.9 

1942 

86,050 

11,500 

13.4 

1943 

91,000 

14,500 

15.9 

SoureOS    H|Hffr''1"  Yearbook  l<m  and  (lirsprillt),  BqMW  of  Mteo. 

lor  1943»  the  figiiros  of  UB. 


^   The  figures  for  alloy  steels  include  all  steels  containing  over 
0.4  percent  of  nickel,  0.3  percent  of  chromium,  1.65  percent  of 
■uiguiese,  0.5  percent  of  silicon,  0*1  percent  of  ■olybdencBi, 
snd  sagr  aBoant,  no  Mitter  how  saall,  of  wisdlai,  tungsten,  oobolt^ 
titanium,  and  zirconiis.    Thej  also  Include  that  insignificant 
portion  of  steel  for  castings  produced  in  fmaidries  oporated  bgr 
coapanies  ■smifaeturing  steel  ingots. 

Die  alloy  stool  produced  In  the  United  States  amounted  to  about 
f iwo  percept  of  the  total  steel  before  1939  and  rose  to  oror  13  pero«it 
of  the  total  in  19y(2.   This  vpmxd  trmA  ooBtlaiMd  in  1943,  but  tte 
«B*ogtimtoa  tiMEk  in  1944  the  proporticii  of  alloy  otosl  to  total 
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steel  output  may  be  lower  because  the  tonnage  of  carbon  steel  is 
expected  to  be  hi^er  than  In  1943,  sith  the  output  of  alloy  steel 
remaining  the  same. 

.      Wartime  Requirements  of  Alloy  Steel  In  the 
United  States  and  the  United  Kingdom 

The  steel  requirements  of  the  United  States  and  the  United 
Kingdom  are  indicated  In  Table  4.    It  should  be  noted  that  information 
sas  available  only  for  the  third  quarter  of  1943  for  the  United  States 
and  the  fourth  quarter  of  1943  for  Great  Britain.    Also,  the  classi- 
fication of  steel  uses  by  groups  appears  more  exact  in  the  table 
than  is  actually  the  case,  and  the  same  average  ratio  of  conversion 
frea  finished  steel  product  to  ingots  has  been  used  for  the  produets 
of  each  group.  2/  However,  as  only  the  ratio  of  alloy  steel  to  total 
steel  production,  and  not  the  absolute  figures  of  United  States  or 
British  steel  requirements  are  essential  for  this  report,  the  statistical 
shortcomings  are  of  minor  significance.    Even  so,  attention  must  be 
called  to  the  fact  that  the  alloy  steel  ratio  mlg^t  have  been  somewhat 
different  for  a  quarter  of  the  year  in  iriiieh  a  larger  progroi  for 
aireraft  or  anannition  had  been  decidod  tqpon. 

As  Table  4  shows,  alloy  steel  represented  16.6  percent  of 
total  United  States  s1?eel  requirements  in  the  third  quarter  of  1943. 
This  proportion  must  have  been  lower  at  other  periods  of  the  year, 
as  the  average  for  1943  ^^as  under  16  percent.    The  proportion  of 
alloy  to,  total  steel  output  in  Great  Britain  is  generally  lower  . 
than  in  the  IMted  States,  though  in  the  case  of  aircraft,  artillezy, 
aSBmitiaQ,  notor  vehicles,  and  agrieultnral  aachinexy,  it  is  hi^ier. 


2/   The  tables  prepared  by  the  Combined  Production  and  Resoxirces  Board 
of  the  United  States,  Great  Britain,  and  Canada  were  for  finished 
steel  products.    In  converting  the  tonnage  to  ingot  steel  equivalents 
for  Table  4,  the  following  yield  ratios  wore  used:-  for  the  United 
States— 'finished  products,  70.4  percent  of  carbon  steel  and  62.2 
percent  of  alloy  steel;  for  the  United  Kingdom— finished  products^ 
73.0  percent  of  carbon  and  57.5  percent  of  alloy  steel.    The  same 
average  yield  ratio  was  applied  for  all  groups,  althouph  some,  such 
as  aircraft,  have  a  much  lower  yield  of  finished  products  than,  for 
instance,  shipbuilding. 

• 
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XV.    THE  CSSliiil  ALLOI  STEEL  BCOlUQiil 

Long  before  the  outbreak  of  hostilities,  Germany  had  a  highly 
developed  system  of  alloy  steel  prodiiction,  which  it  rapidly  ex- 
panded for  the  iDpendlng  emergency*    Filling  up  the  arsenals  with 
«ar  aqidpBent,  providing  the  anqr  with  taidcsy  tracks  and  iiinnttloa, 
and  si^plying  the  Luftaaffe  with  aii^olanes  created  a  growing  demand 
for  alloy  steel,  to  be  used  in  tools  as  well  as  in  war  materiel. 
No  statistical  information  is  available  on  the  prewar  output  of  alloy 
steel  in  Germany,  but  it  is  fairly  certain  that,  because  of  war 
preparations,  Germany  was  producing  relatively  more  alloy  steel  than 
the  United  States  where,  up  to  1939,  about  fiwe  percent  of  the  total 
•taal  <M%iiit  consisted  of  alloy  steal  (see  TSdble  3).   The  oiiBntitles 
of  fatro-allcgrs  iiqiorted,  as  well  as  the  level  of  German  war  pro- 
duction  BJod  the  tonnage  and  quality  of  tools  and  machinery  exported, 
seem  to  indicate  that  about  10  percent  of  total  Geznan  steel  output 
was  in  alloy  steels* 

Table  4.,  showing  the  st^el  requirements  of  the  United  States 
and  the  Ihiited  Kingdom,  has  been  used  in  detendalng  the  ratio  of 
alloy  steal  to  total  Geraan  steal  ootpnt  in  19i;3.    InasHuch  as 

German  steel  production  differs  in  some  respects  from  that  of  the 
United  States  and  Great  Britain,  a  variety  of  factors,  such  as  the 
German  tooling  system  and  the  traditional  composition  of  some  of 
its  alloy  steel,  had  to  be  evaluated.    Steel  allocations  for  each 
group  were  decided  on  the  basis  of  the  inqportance  of  the  group, 
how  mach  alloy  steal  it  would  need,  sad  iMeh  of  the  final  products 

be  sacrificed  by  Germany  with  the  progressive  loss  of  some 
feSTO-allcgr  supplies.    Table  5  presents  estimates  of  the  194-3  German 
steel  allocations  for  the  17  groiqM  or  industries  for  which  United 
States  and  United  Kingdom  requireoents  have  bean  shown* 

• 

In  view  of  the  damage  inflicted  on  Enemy  Europe's  steel  pro- 
duction through  bombing,  there  is  general  agreement  among  the 
Ifinistry  of  Eeonomic  lurfare,  the  fbreign  Economic  Administration, 
and  the  Office  of  Strateiglo  Services  on  the  figure  35  million  tons 
as  fiMar  Earidpe*s  total  steel  prochictlon  in  1943* 

The  estimate  of  the  decrease  from  the  1942  level  seems 
justified  because  of  changes  in  the  war  situation  in  1943.    It  is 
logical  to  assume,  for  example,  that  Germany  reduced  the  out- 
put of  rails  in  1943  and  used  less  structural  steel  for  buildings  in 
1943  than  in  1942*    On  the  other  hand,  in  1943»  Germany  had  to 
increase  the  number  of  fighter  planes  as  a  defense  against  In- 
creasing air  attacks,  with  a  resulting  rise  in  steel  allocatioos 
for  aircraft* 


TiBLE  5 

fiMBQr  EoTopes    Alloy  and  Total  Steel  Allocations  by  Industrial 

Ch^ooDS  in  1942  and  IS^iO 


Total  steel  Percent  of  Alloy  steel 

Group  or  (1,000  metric  tons)  alloy  steel      (1,000  metric  tons) 

Industry  to  total  steel  

—J 


'  1^3 

1913 

600 

700 

6A 

it50 

ATBOureu  I  xguujji^ 

65 

800 

venicj.©s 

475 

900 

55 

iMmitioii 

7,000 

7,000 

22 

1,5^ 

WLsG*  riela 

equipBent,  Air 

stores 

2,900 

3,000 

5 

150 

Shipbuilding  and 

1,650 

100 

engineering 

2,100 

6 

Birf  Tilings  and 

4»500 

3,800 

Stomgs  and 

• 

transport  of 

materials 

2,000 

1,500 

Mining  and 

850 

(juarrying 

1,100 

Gtadoal  indus- 

105 

trjLes 

700 

15 

Agricultnral 

70 

machinery 

.  2,050 

1,425 

5 

Machines,  tools 

for  various 

175 

Industries 

1,750 

1,750 

*10 

Railways 

9,100 

7,8J0 

1,200 

800 

20 

160 

Caxbur*  and 

8 

80 

electric  supply 

1,150 

1,000 

Exports 

250 

Miseallaneous 

l,i&00 

1,150 

3 

35 

tcytal 

39,700 

35,250 

11.8 

i4,140 

German  Euror^e'a  Ixarm^  gglff^Y  IQ^- 

September  20,  19ii2; 

Estimates  (two  last  columns)  are  based  on  the  United  States 
and  Bri'^lsh  patterns  of  production. 

a/   The  dash  indicates  that  the  amount  of  alloy  steel  used  in  a  specific 
group  of  products  is  inconsecuential. 


To  establish  the  ratio  between  alloy  and  carbon  steel  in  Gemany 
for  each  group  of  steel  products,  the  United  States  and  Britidi 
patterrs  were  used  alternately.    For  some  groi4>8,  however,  the  pattern 

of  neither  country  was  found  applicable,  because  it  was  believed  to 
differ  from  German  practice.    V/hile  12.5  percent  of  the  steel  employed 
in  mininf^  and  nuarrying  in  the  United  States  is  allpy  steel  (l.l 
percent  in  Great  Britain),  it  is  estimated  that  no  alloy  steel, 
or  an  insignificant  amount,  was  used  for  these  purposes  in  Germany 
in  1943«    This  is  also  true  of  escported  steel  goods.    On  the  other 
hand,  in  spite  of  the  fact  that  United  States  aircraft  reouirenents 
of  alloy  steel  amounted  to  56  percent  of  total  steel  used  in  air- 
craft, the  ratio  in  Germany  was  estimated  at  6/!^  percent,  as  in  the 
British  aircraft,  because  hip-her  stress  levels  and  designs  calling 
for  Fiore  alloy  steel  are  used  in  Gen.ian  aircraft.    Moreover,  as  the 
United  States  figure  for  steel  used  in  the  aircraft  group  includes 
all  packing  material—even  to  the  carbon  steel  plates  for  shipping 
engines  ftt>m  one  plant  to  another.—and  the  Genaan  figure  includes 
no  packing  material,  a  higher  proportion  of  alloy  steel  to  total  steel 
is  to  be  e3q>ected  for  Gemany  than  for  the  United  States. 

The  United  States  percentage  of  alloy  steel  was  accepted  for 
the  armored  fighting  vehicles  group  in  Germany,  and  the  British 
percentare  for  artillery.    Avhigher  percentage  of  alloy  steel  for 
amflunition  than  is  reottired.  either  in  the  United  States  or  in 
Great  Britain  was  adopted  for  Germany  because  the  Germans  use 
more  A.F.  shell  which  is  nade  entirely  of  alloy  steel. 

The  19A3  German  allocations  of  alloy  steel  for  all  groups 
were  estinatec  at  approximately  4-,  140, 000  tons,  or  11.8  percent  of 
total  steel  allocated.  On  the  basis  of  an  earlier  estimate  (see 
riff erent  T-yipes  of  Alloy  Steel)  that  of  all  alloy  steel  prodneed 
in  Germany,  about  92  percent  is  engineering  steels,  5  to  5.5  per- 
cent stainless  steels,  and  the  balance  tool  steels,  the  tonmge  aay 
be  distributed  as  follovss 

Kngineerincr  steels  3,S10,000  metric  tons 
Stainless  steels  230,000     *  " 

Tool  steels  100.000   

Total  4,140,000  vetric  tons 
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V.    ENEkT  HjRQPE'S  REQUIRFlfiFNTS  OF  FERRC-ALLCYS 

f^fpyf'^^iiii:  Steels 

foginseriiig  steels  eonsune  the  balk  of  ferro«cQJ.oy  supplies* 
Hoverery  a  greater  ranpe  of  interchanpeablllty  is  possible  in 
engiiMering  than  in  stainless  or  tool  steels* 

In  the  United  States,  the  making  of  1,000  tons  of  engineering 
steels  consumes  on  the  average  11,0  tons  of  manganese,  5.8  tons  of 
eharoBliiBy  1*3  tons  of  molybdemni  and  four  tons  of  niokel  (see  Table  2). 
!H.th  the  output  of  engineerinfr  steels  in  Germany  in  1943  at  an 
estimated  3«8  aillion  tons,  the  approximate  qxiantities  of  ferro- 
alloys consumed,  assuming  that  the  United  States  pattern  was  follcwed 
and  that  these  alloying  elements  or  their  equivalents  were  available, 
would  be  as  follows:  ' 

42,000  Mtric  tons  of  ccmtained  asnganesey 
4,950  netrie  tons  of  contained  Bolybdenun, 

22,100  metric  tons  of  cont-ained  chromium,  and 
15,250  Mtric  tons  of  contained  nickel* 

As  will  be  shown  in  the  section,  SupTplies  of  Ferro-Allovs  in 
Enemy  Europe,  such  quantities,  particularly  of  nickel  and  molybdenum, 
•re  ttar  begrond  Genm  conMind,  so  that  the  Genaan  pattern  mist  have 
been  eonsidembly  aodif  ied* 


The  major  alloys  used  in  the  production  of  stainless  steels 
chromimn  and  nickel.    The  customary  metalliirgical  practice  in 
the  parodiietion  of  stainless  steels  in  the  United  States  Is  to  use 
«t  least  five  perewt  nickel  and  IC  percent  ehroaiiai  on  an  ingot- 
allogpliig  eleaent  basis* 

In  some  instances,  the  percentan-e  of  nickel  consumption  is 
much  higher — eight  percent  or  even  more  in  the  installations  of 
rubber,  explosive,  or  powder  plants,  or  in  the  eouipment  for  making 
organic  chlorides*   Honerer,  of  the  nickel  charged  to  the  furnace, 
«ibottt  55  pereent  is  ablppeA  out,  the  .  rest  serving  as  a  *r  evolving 
fimft*  for  further  production*    Thus,  the  overall  consumption  of 
virgin  nickel  in  stainless  steels  in  the  IMted  States  is  estinated 
«t  five  percent, 


'  Up  to  17  and  IB  percent  of  chromium,  with  small  veuriatlons 
from  month  to  month,  is  used  in  the  United  States. 

In  view  of  Gemanj's  eeoncadcal  use  of  ferro-alloys,  the 

estimate  of  German  consuB^tion  of  chroni\itn  in  making  stainless 
steels  is  set  at  the  almost  irreducible  minimum  of  10  percent,  and 
the  nickel  consunption  at  two  percent.    In  fact,  Germany  has 


^1 


developed  one  stainless  steel  on  a  nickel-free  basis  with  12  percent 
manganese  and  8  to  9  percent  chromium.    However,  as  there  are  in- 
dispensable and  comparatively  hig^  requirements  for  nickel  in  soae 
stainless  steels,  Germany  cannot  do  entirely  without  it*    The  actiaate 
of  an  overall  nickel  consunption  of  two  pereent  in  stainless  steels 
appears  reasonable* 

As  the  estimate  of  the  German  total  output  of  stainless  steels 
in  1943  was  about  230,000  metric  tons,  the  ferro-alloy  requirements 
for  these  steels  may  be  set  at  about  23,000  metric  tons  of  ohroallBr 
and  4,600  tons  of  nickel,  plus  some  manganese. 

Tool  Steels 

Geraany  has  probably  had  to  do  extensive  retooling,  both  in 
domestic  plants,  because  of  wear  and  damage  throu^  bombing,  and^in 
plants  of  occupied  countries  working  on  German  account.  Furthenwpe, 
the  percentage  of  steel  output  that  requires  naehining  operations 
is  greater  In  Germany  than  in  the  United  States  because  in  the  United 
States  a  large  part  of  the  total  steel  output  is  used  in  the  ship- 
building industry  in  ihi^  fewer  ■sohining  operations  are  necessary* 

On  the  other  hand,  the  latest  examination  of  the  German  machine 
gun  42  (1942  Model),  the  successor  to  the  standard  German  machine 
gun  34,  showed  that  98  percent  of  the  gun  is  made  of  staopines,  with 
a  bare  minimum  of  machining.    Evidently  the  Qermns  redssiffied  the 
■odel  in  order  to  reduce  tp  a  idniiiua  the  mmber  of  waehine  tool  ; 
hours  and  lii^ten  the  burden  pOLaeed  on  their  tooling  systes* 

It  was  estimated  (see  Tool  Steels  under  Different  Types  of 
Alloy  Steels)  that  German  recuirements  for  tool  steels,  including 
carbide  tools,  were  in  about  the  same  proportion  to  alloy  steel 
as  in  the  United  States,  i.e.,  about  2.5  to  3  percent  in  1943* 

Althou^  output  of  tool  steels  is  relatively  small,  tool  steels 
absorb  a  substantial  share  of  certain  ferro-alloys.    They  consume  large 
amounts  of  vanadium  and  of  tungsten,  even  in  the  United  States  where 
molybdenum  is  frequently  used  instead  of  tungsten.    In  addition, 
tool  steels  call  for  a  proportionately  larger  quantity  of  ehrowiuB 
and  molybdenum  than  does  alloy  steel  in  general* 

As  shown  in  TiOjle  6,  tool  steels,  amounting  in  1944  to  less  than 
two  percent  of  total  allpy  steel  tonnage  in  the  United  States,  claim 
^Kmt  hAi»  of  the  vanadium  and  two-thirds  of  the  tungsten  consumed 


•ted.  Industry.    The  War  Production  Board  anticipates  an 
tiwm  M^MT  oennHptioii  of  tli«M  two  mUla,  provided  the  reetric- 
tions  no*  in  Ave*  on  1|m  7«Utlv»  eoapmiltioii  of  hi(^-8pood  tool 

TiBLE6 

Ifedtod  States:   Ferro-Alloys  Consumed  in  Tool  Steels 

(ooBtslaed  aetal) 


Actual  consuBption  in  the  Ivtiasted  consui^lQa 
first  eifiiit  months  of  In  igiA 


Total       Percent  of  total      Total       Percent  of  total 
a/    (short     consumption  of         (short     consiimption  of 
rtm-AUgq  isaaJ  each  allov.  tons)       eq^ti  *llgYt 


Chromium  2,385            2.7  3,500  2.3 

Molybdenum  1,020            8.9  1,730  7.8 

Vanadium  IJB5  50.7  885  46.9 

Tungsten  3,350  70.0  6,340  6^.6 


>9  TtaPO-illoys  Bz«nch,  report,  Status  of  Ferro-Allova. 
Oetoiber  27,  1943;  ^IPB,  Bureau  of  Flaming  and  Statisties, 
report,  Bmmtted  CnnymmfArm  nf  y«r»^,Ln«iiy.  S^pteBi>«^  17, 
1943. 

|/  Hm  snoont  of  nickel  consumed  in  tool  steels  is  too  small  to 
warrant  its  inclusion. 

It  should  be  borne      wdaBi  that  the  German  tooling  systea  is  mueh  non 
dspwdent  on  tungsten  carbide  tools  than  the  United  States  system.  Theso 
tools  can  be  made  of  carbon  steel  upon  which  are  brazed  tips  of  high 
tungsten  content,  which  permit  operation  of  the  tools  at  very  high  speed 
and  at  very  high  temperatures.    The  carbide  tips,  although  brittle  and 
requiring  very  stable,  rigid,  shock-resistant  machinery,  save  manpower 
and  tiae  in  the  piroduetion  of  mar  equipment  when  properly  applied. 
BsesttM  of  tlwir  speelal  qnslitles,  osxtide  tools  were  widely  installed 
in  German  plants  before  the  war.   iboot  20  peroent  of  the  tools  in  Gemany 
are  estimated  to  be  of  the  carbide  type;  the  rest  are  of  hig^-spssd  vteel  . 
oontaining  an  irreducible  aTerage  of  four  pmremt  tungsten. 

Even  before  1939,  Germany  gave  up  the  standard  composition  of 
.  hlg^-speed  stoelsy  the  so-called  18-4-1  type:  18  percent  tungsten, 
fiHr  pmont  ohroniiai  and  one  percent  'vansdliai.   Aeeording  to 
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MBIf,  the  tungsten  content  of  Geimn  tool  steels  sas  lU  pereeot 
in  1940,  10  percent  in  1941,  and  has  been  between  2.5  and  five  pereent 
ever  since.    On  the  other  hand,  German  sources  indicate  that  Gemany 
shifted  to  an  even  lower  percentage  of  tungsten  in  tool  steels  at  a  . 
much  earlier  date  (see  Table  7). 

I    ■  ■  ■    ■  • 

TABLE  7 

TniiiUjf  Kiropes   Percentage  of  Allpy  Content  in  Hi^-%osd 

Tool  Stools 


Or 

W 

Ho 

V 

(0.75 

A.2 

18.0 

1.0 

19^  to 

(0.80 

25.0 

0.8 

1.5 

(0.85 

1.2 

u.o 

9*2 

(0.75 

4.2 

11 

0.5 

0.9 

(0.80 

4.2 

11 

0.7 

1.4 

1936  on 

(0.85 

4.2 

12 

.  0.7 

2.5 

(1.0 

it.  2 

3.4 

2.8 

(1.0 

A.2 

2.1 

3.1 

2.1 

(Q.7 

4.1? 

2^0  

M 

1.0  .  ■  

Sources    From  the  paper  "Trends  in  the  Development  of  Alloy  Steels", 
read  by  Ed.  Houdremont  before  the  Annml  iieeting  of  the 
Verein  Deutscher  Eisenhtlttenleute,  published  originally  in 
Technische  Kiltteilungen  Krupp.  May  1939,  and  roprodnoed  in 
Metallurgia.  July  1939,  pp.  121  to  123.    The  author  adds 
that  after  1935  the  use  of  "foreign  alloys  had  to  be  United 
in  Geraaiigr  as  far  as  possible." 

As  can  be  seen  in  Table  7,  the  Germans  compensated  for  the 
lower  percentage  of  tungsten  by  using  more  of  eithmr  ^anadiua  or 
molybdenum.  ^ 

Taking  these  factors  into  consideration,  and  allowing  for 
possibly  substantial  reserves  of  tungsten  tools  and  the  recovery 
of  tungsten  from  worn  out  or  broken  tools,  it  is  estimated  that 
about  3,000  metric  tons  of  tungsten  concentrates,  or  1,500 
metric  tons  of  contained  metal,  were  used  in  Germany  in  1943  for 
the  production  of  tools.   A  fourth  of  this  nay  have  gone  into  tool 
steels,  the  balance  into  tungsten  carbide.    This  anount  of  tungsten 
is  considered  an  irreducible  mlninum. 


t 


Vanadlian  is  probably  applied  In  Germany  on  a  larger  scale 
than  in  the  .United  States,  because  it  is  produced  domestically,  ' 
and  it  has  to  snbstitute  for  tungsten  whloh^  thou^  available^ 
c«B  b«  o^tafntd  trm       Zbiriaii  PMdimla  only  at  •aBort>itaiit  prieear  '  - 
and  ttom  Japuiy  at  the  rlak  of  rmming  tha  bloekada*    It  is  estlnatM 
ttet  885  short  tons  of  vanadium  idLll  be  required  to  produce  70,000 
tons  of  hiLg^-speed  steels  in  the  United  States  in  1944  (see  Table  6}« 
All  factors  considered,  it  is  reasonable  to  assume  that  about  500 
metric  tons  will  be  required  for  the  production  of  i^^OOO  tons  of 
hl^*sptfed  tool  steels  in  Germany. 

Raqwirisnts  for  BalTbdsmai  can  ba  astinated  at  approxlimtaSj  \ 

1,000  tons  of  oontainsd  aetal.    As  such  a  quantity  is  not  Ukalj 
to  be  at  Germany's  disposal,  it  is  assumed  that  tungstSBy  or* 
■ora  probably^  vanadlUB^  is  sobstltuted. 

The  aaount  of  chromlim  used  in  tool  steels  is  relatively  snails 
pariMUM  1»500  tons. 

An  additional  alloying  element  used  in  the  manufacture  of  tungstM 
eazbidsy  and  therefore  in  the  production  of  tools,  is  cobalt,  irtiich 
bonds  th^  tungsten  ponder  to  a  stable  mass  after  it  has  been  pressed 
to  the  desired  shape.    About  6  to  8  percent  of  the  tungsten  carbide 
consists  of  cobalt*    If  1,000  to  1,100  tons  of  tungsten  metal 
ara  rmvw^d  fott  tha  prodnpticp  of  oazblda,  approxlaataly  60  to 
10  Urn  af  aMLt  vlll  ba  asadad. 

Apart  from  the  amounts  of  the  ferro-alloys  consiMed  for  the  alloy 
reaction  in  the  production  of  engineering,  stainless,  and  tool  steels, 
Germany  requires  additienai  amounts  of  soma  of  tham,  partienlarly 
■anganess,  finr  edlMr  iadispenaiAda  vaaa* 

• 

Of  tha  alglht  aaln  alloj  aatals  considered  in  this  report, 
manganese  occt^ies  a  unique  position,  being  indispensable  to  the 
production  of  steel,  regardless  of  the  type.    This  vital  alloy 
neutralizes  sulphiir  and  improves  the  rolling  quality,  or  malleability  of 
the  steel.  In  the  United  States,  13  to  lA,  pounds  of  manganese  per  short  ton 
oi  tadsl  ataal  produead  ara  ragardad  as  tba  standard  aTaraga*  idth  tha 
fmlloiiti^  dlatribiitioBi  about  11  pmnda  par  ton  In  eax^^  staal,  24 
pounds  per  ton  in  castings,  19  pounds  per  ton  in  alloy  staaly  and 
13  to  34  poiBida  par  ton  in  baaio  mjinaas  tgrpa  allogr  ataal« 


21 


Germany  may  be  exerclsinp  a  much  more  stringent  econony 
than  the  United  States  In  the  use  of  manpanese,  but  it  cannot 
go  below  about  12  pounds  per  metric  tons  of  carbon  steel, 
because  ftirther  reduction  would  affect  the  quality  of  the 
ste0l«   It  saens  oartain  that  the  Germans  would  reduca  the 
■snganasa  eontant  in  alloy  staal  before  lowaring  the  quality 
of  carbon  steel.    Allovdng  12  pounds  of  manganese  per  metric  ton 
of  steel,  about  190,000  metric  tons  of  contained  manganese  would 
be  required  for  the  annual  production  of  about  35  million  tons 
of  steel. 

HoweveTy  it  is  known  that  Germany  cut  its  manganese  raquire- 
■ants  to  SOBS  axtent  at  the  blast  furnaces  by  adding  a  certain 
amount  of  soda  ash  to  the  liquid  iron  to  extract  the  sulphur. 
Soda  ash  combines  with  sulphur  and  rises  to  the  surface  in  a 
form  of  slag  which  is  then  removed.    As  soda  ash  can  be  readily 
produced  in  Germany,  within  the  limits  of  manpower  and  transporta- 
tion, ix  can  be  assumed  that  such  desulphurization  of  iron  has 
been  widely  praetiead.    Mot  all  blast  furnaces,  however,  can 
oparata  with  soda  ash.    It  was  reported  that  about  20  percent 
of  all  pig  iron  haa  baan  dasulpfaurised  by  the  soda  ash  treatment 
in  Germany,  with  a  saving  in  manpanese  on  approximately  12  million 
tons  of  steel  of  about  15  percent.    As  a  result,  the  consumption 
of  jijanganese  may  have  been  lowered  by  about  10,000  tons.    Thus,  in  19A3t 
Germany  may  have  consumed  as  much  as  180,000  tons  of  contained 
manganese  for  deoxidizing  and  improving  the  malleability  of  its  steel. 

Another  essential  use  made  of  mangUiese  is  in  manganese 
dioxide  for  dry  cells.    Hi^-grade  manganese  dioxide  (98  percent) 
is  needed  for  this  purpose.    Perhaps  5,000  to  6,000  tons  of  manganese 
per  year  are  consumed  in  this  way  by  Germany. 

Tungsten  is  considered  indispensable  in  the  manufacture  of 
filaments  for  elaetrie  bulbs,   lio  practicable  substitute  is  avail* 
able  to  Geraany.    Timgsten  is  preferred  for  this  purpose  because 
it  can  be  drawn  into  extremely  fine  wire  and  has  the  hirhest  melting 
point  of  any  metal.    Thin  tungsten  wire,  0.000/(^  inch  in  diameter, 
is  also  used  for  cross-hairs  in  telescopes,  and  filaments  in  radio 
and  X-ray  tubes.    Tungsten  contact  points  are  employed  in  spark  coils, 
voltage  regulators,  telegraph  keys,  and  similar  devices. 

Tungsten  is  also  indispensable  in  catcQysls. 

The  latest  estimate  of  German  tungsten  consumption  for  fila- 
ments and  radio  tubes  is  aroimd  300  tons  a  year;  for  catalytic 
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Vanadium  is  probably  applied  in  Germany  on  a  larger  scale 
la  thm  .Ibiited  States,  because  it  is  produced  domestically, 
ttd  It  bu  to  •iib«titat#  f or  tungsten  ibich,  thou^  available, 
Mm  be  obtaiatd  from  th«  Iberian  Pwilwrola  only  at  •xos^itftnt  prloes  ' 
and  from  Japan,  at  the  risk  of  running  the  blockade.    It  is  estimat*} 
that  885  short  tons  of  vanadium  will  be  required  to  produce  70,000 
tons  of  hig^-speed  steels  in  the  United  States  in  19^4  (see  Table  6). 
ill  factors  considered,  it  is  reasonable  to  assume  that  about  500 
Mtrie  tons  will  be  required  for  the  production  of  i^O.OOO  tons  of 
hliMpM  t«o(l  tftMl*  in  QganBaay.. 

Requirements  for  molybdenum  can  be  estimated  at  approximately 
1,000  tons  of  contained  metal.    As  such  a  quantity  is  not  likely 
to  be  at  Germany *s  disposal,  it  is  assumed  that  tungsten^  or, 
Bore  probably,  vanadium,  is  substituted. 

Tho  aaooBt  of  ^iraliai  tuiod  in  tool  steels  is  relatively  small, 
1»500  toBs* 


An  additional  alloying  element  used  in  the  manufacture  of  tungsten 
carbide,  and  therefore  in  the  production  of  tools,  is  cobalt,  idiich 
bonds  th^  tungsten  ponder  to  a  stable  mass  after  it  has  been  pressed 
to  ths  desired  shape.    About  6  to  8  percent  of  the  tungsten  carbide 
MWlists  Of  odbiat.   If  1,000  to  1,100  tons  of  tungsten  metal 
are  reserved  tor  the  prodnstlon  of  eazblde,  snproxlBately  60  to 
80  tOM  of  oMLt  will  be  needed. 

Apart  from  the  amounts  of  the  ferro-alloys  consumed  for  the  alloy 
reset  ion  In  the  production  of  engineering,  stainless,  ajid  tool  steels, 
G«wgr  reqwlree  edditiensl  aaounts  of  sonw  of  l^em,  partioularly 
t»  other  indlspeBssble  uses* 


Of  the  eight  main  alloy  metals  considered  in  this  report, 
manganese  occupies  a  unique  position,  being  indispensable  to  the 
production  of  steel,  regardless  of  the  type.    This  vital  alloy 
asntrelisee  sulphur  and  improves  the  rolling  quality,  or  malleability  of 
the  steel*  In  the  Ihilted  States,  13  to  H  pounds  of  manganese  per  short  ton 
of  total  steel  produced  are  regarded  as  the  standard  average,  with  the 
following  distribution:  about  11  pounds  per  ton  in  carbon  steel,  24 
poxmds  per  ton  in  castings,  19  pounds  per  ton  in  alloy  steel,  sad 
33  to  34  pounds  per  ton  in  basic  manganese  type  alloy  steel. 
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Germany  may  be  exeroising  a  much  more  stringent  eeono^y 
than  the  United  States  In  the  use  of  manganese,  but  it  cannot 

go  below  about  12  pounds  per  metric  tons  of  ceu^on  steel, 
because  further  reduction  v/oula  affect  the  ouallty  of  the 
steel.    It  seems  certain  that  the  Germans  would  reduce  the 
mangEuiese  content  in  alloy  steel  before  lowering  the  quality 
of  caxiKm  steel*    Allowing  12  pounds  of  manganese  per  metric  ton 
of  steel,  about  190,000  metric  tons  of  eontained  Mmganese  would 
be  required  for  the  sannal  production  of  about  35  Billion  tons 
of  steal. 

However,  it  is  known  that  Germany  cut  its  manganese  require- 
■ents  to  some  extent  at  the  blast  furnaces  by  adding  a  certain 
aaount  of  soda  ash  to  the  liquid  iron  to  extract  the  sulphur. 
Soda  ash  oooblnes  with  sulphur  and  rises  to  the  surface  in  a 

form  of  slag  which  is  then  removed.    As  soda  ash  can  be  readily 

produced  in  Germany,  within  the  limits  of  manpower  and  transporta- 
tion, ±x.  can  be  assumed  that  such  desulphurizatior  of  iron  has 
been  widely  practiced.    Not  all  blast  furnaces,  however,  can 
operate  with  soda  ash.    It  was  reported  that  about  20  percent 
of  all  pig  iron  has  been  desulphurized  by  the  soda  ash  treatment 
in  Geniaiy,  with  a  saving  in  manganese  on  approximately  12  million 
tons  of  steel  of  sbout  15  percent.    As  a  result,  the  consun^tion 
of  manfanese  may  have  been  lowered  by  about  10,000  tons.    Thus,  In  1943, 
Germany  may  have  consumed  as  much  as  180,000  tons  of  contained 
manganese  for  deoxidizing  and  improving  the  malleability  of  its  steel, 

• 

Another  essential  use  made  of  manganese  is  in  mang-anese 
dioxide  for  dry  cells,    Hi^-grade  manganese  dioxide  (98  percent) 
is  needed  for  this  purpose.   Perhaps  5,000  to  6,000  tons  of  manganese 
per  year  are  cohsumsd  in  this  way  by  Germny, 

Tungsten  is  considered  indispensable  in  the  manufacture  of 
filaments  for  electric  bulbs.    I^o  practicable  substitute  is  avail- 
able to  Germany,    Tungsten  is  preferred  for  this  purpose  because 
it  can  be  drawn  into  extreciely  fine  wire  and  has  the  hiphest  melting 
point  of  any  metal.   Thin  tungsten  wire,  0.000^  inch  in  diameter, 
is  also  used  for  cross-hairs  in  telescopes,  and  filaments  in  radio 
and  X-ray  tubes.    Tungsten  contact  points  are  employed  in  spazic  coils, 
voltage  regulators,  telegraph  keys,  and  similar  devices. 

Tungsten  is  also  indispensable  in  catalysis. 

The  latest  estimate  of  German  tungsten  consumption  for  fila- 
ments snd  radio  tubes  is  arotmd  300  tons  a  year;  for  catalytic 


-  22  - 

purposes,  about  200  tons* 

The  third  alloy in/r  element  having  important  additional 
uses  is  cobalt.    Cobalt  steel  magnets  are  particularly  efficient 
and  at  the  same  time  more  adaptable  because  of  their  smaller 
aixe.    Ck>balt  is  also  important  as  a  catalyst  in  Fischer- 
Tropseh  plants  producing  synthetic  oil.    Opinion  is  divided  as 
to  leather  the  Gemans  are  giving  priority  to  tba  mdtallnrglcal 
use  of  cobalt  in  tun^vten  carbide  and  magnet  staaGLsy  or  to  Its 
chemical  use  for  purposes  of  catalysis.    There  are  reports  that 
new  catalysts  installed  in  Germany  are  made  of  iron  and  that 
cobalt  is  used  exclusively  for  regeneration  of  tha  old  catalysts. 

It  la  aatlaatad  that  In  addition  to  the  cobalt  used  in  the 
production  of  tungsten  earbida,  Gemat^  aUoeatad  about  180  tosa 
of  cobalt  in  19^3:  ^0  tons  for  catalysis^  and  the  balanee  for  ttiffiat 

steels.    Since  the  catalysis  in  Fischer-Tropsch  plants  requires  tiia 
consu^tion  of  cobalt  and  nickel  at  the  ratio  of  1  to  2,  about 
160  tons  of  nickel  are  also  needed  for  this  purpose* 

tlstimate  of  German  Ferro-Allov  Allocationa  in  1^A3 

Germany's  19^3  allocation^  of  each  ferro-alloy  Inportant  in 

makintr  alloy  steel  are  sunaarlsad  in  Table  S,  It  should  be  stressed 
a:7ain  that  these  allocations  for  engineerinr  steels  are  calculated 
on  the  basis  of  the  7;ar  pattern  of  United  States  and  British  steels 
and  not  on  the  basis  of  German  supplies  of  ferro-allo^gs,  which  will 
ba  dlaeusaad  In  the  next  section. 


TABLE  8 


&ieqy  Europe:    Calculated  Ferro-Alloy  Allocations  in  1943 
(contained  aetaly  in  metric  tona) 


Ms, 


Manganese 

4/ 

Chromium 

y 

Nickel 
Hoolybdenum 

s/ 

Tungsten  (eonoantzatas)  tool  ataels,  carbide 

fllaBentSy  electrodes^ 

Vanadium  tool  steels 


carbon  steel 

180,000 

enginaarlng  steels 

^,000 

stainless  steels 

23,000 

engineering  steels 

22,100 

tool  steels 

1,500 

stainless  steels 

l,6O0 

engineering  steels 

15,250 

oatalyaatlon 

160 

tool  steels 

1,000 

engineering  steels 

A,  950 

Cobalt 


timgsten  carbide 
magnet  steels 
Fiaoher-Tropsch  plants 


3,500 

600  to  650 

60  to  70 
100 
80 


Souroas   Based  on  United  States  steelnaaklng  pattern. 

§/   In  addition,  some  manganese  is  needed  for  stainless  steels  and 
some  chromium  for  high-speed  steels.    It  is  assumed  that  because 
of  short  supplies  Germany  is  using  no  chromium  for  chrome  plate 
and  refractories. 

22/   A  small  tonnage  of  nickel  also  goes  into  the  manufacture  of  airplane 
dataetlng  equlpaent. 

S/  Tungsten  Is  also  consumed  Id  Germany  in  the  manufacture  of  coibide 
cores  for  armor-piercing  projectiles.    The  Quantities  allocated  for 
this  purpose  cannot  be  ascertained  but,  in  tne  opinion  of  both 
United  States  and  British  experts,  they  amount  to  the  residual  of 
German  supplies  after  the  indispensable  industrial  uses  have  been 
satisfied.    Therefore,  this  use  of  tungsten  has  not  been  included 
In  this  stud^y. 

§/   Including  sona  supplies  used  to  substitute  for  Bolybdenuin. 
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VI.    SUPPLIES  OF  FEBRO-ALLOIS  IN  £Nm  QJBOPE  IN  1943 

The  German  policy  of  exploiting  to  the  full  the  economic 
rwources  of  oeeiq;>led  Europe  has  been  particularly  important  in  the 
emmm  of  ferro-alloys. 

PossMoSng  no  alloying  elements  within  its  owi  borders^  eanept 
vanadium  (and  even  this  is  obtained  chiefly  from  the  iron  ore  of 
France,  Belgium,  and  Luxembourg),  Germany  in  19A3  depended  on  supplies 
of  manganese  from  Occupied  USSR,  molybdenum  from  Uorway,  nickel  from 
flBlsndy  sad  chrone  tram  the  i3alkans.    In  addition,  the  few  countries 
I  iii^lng  nmlMl  tew  been  tmablo  to  Ttdgt  entirely  the  pr%a9aaem  of 
Genian  demands  for  ferro^loys."  laportant  8U|]pllos  of  chroae  tevt 
bon  obtained  tram  Turkey  and  Ungsteii  fimi  Spain  and  Portugal. 

EVen  with  these  resources  at  its  command,  Germany  has  had  to  make 
existing  supplies  of  ferro-alloys  go  as  far  as  possible.    Two  factors 
havo  oontriboted  to  their  aost  efficient  utilization  in  aar  nateri&l: 
1)  tiia  IfitrodoetiQtt  of  the  ao-oaUad  "adiatituta  ataala,"  and  2)  the 
total  ■oblliaatiop  of  aevap  throatfwit  tha  entlra  area  under  GtriMi 
GOBtroI* 

The  United  States  and  C^reat  Britain  responded  to  the  shortage 
of  eertain  faarro-alloya  liy  Introdueing  Natiooal  fiwrgancy  Stat3« 
and  liar  BMrgeney  Ehgineering  Steels*  respectiwaly.    Garaaay  in- 
troduced substitute  steels  (Austaush-Stihle).    The  aim  was  the  saaat 
to  economize  in  the  use  of  those  ferro-alloys  of  United  supply 
by  shifting  to  others  more  readily  available* 

In  order  to  close  all  avenues  of  waste*  ■etloulous  studies 
ware  aada  of  ataal  ooapoattloDs  used,  axtenaive  testa  vara  ooaiuetady 
and  intereated  industriaa  vara  oonsaltad.   Aa  a  raault*  a  ralatiTaly 

nBcQl  number  of  the  aost  appropriate  steel  types  were  selected, 
and  the  steel-makers  were  ordered  not  to  demand  for  their  products 
any  physical  properties  in  excess  of  the  absolute  minimum  essential 
to  safety. 

At  has  been  noted*  in  general   the  aar  eaergeney  stasia* 
althou^  containing  leas  alloy  aetals  than  the  piasar  ataala*  ara 
not  ijfarior  in  quality  or  effectivenaas.    HQiile  leaner  in 
all«ar  OMpMition  and  offering  a  lover  aaf aty  iaauranea*  they 
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are  adequate  for  the  purposes  for  which  they  are  made.    This  holds 
tma  flor  Ganany  aa  vail  aa  for  the  United  States. 

Recently,  Germany  tightened  the  regulations  on  substitute 
steels.    On  June  10,  1943*  the  German  Uetal  and  Iron  Board  issued  a 
ruling  containing  lists  of  materials  to  be  used  in  each  industry. 
These  lists  constitute  actual  specifications  for  the  manufacture 
of  various  products;  arbitrary  changes  in  the  specifications  are 
focbidden.    Ibout  30  lists  have  been  made  public  so  far,  and  new 
lists  ooBtlBna  to  appear.   Tbay  ara  compulsory  not  only  for  Qflraany 
but  alao  for  the  occiq>ied  eountriaa  ao  that  ferro-alloy  praatieaa 
throui^iout  Thaay  Boropa  have  been  atandardizad. 

gfimp  Until llHtrlftn  In  fti^niYairftPft 

The  inportance  of  scrap  in  steel-making  has  already  been 
daaeribad  (aaa       «^  fli»^  4«  ifaiHr,^  An^y  Vithout  the 

f  arro-alloy  aoppliaa  provided  by  aorap*  it  would  have  been  lapoaaibla 
to  manufacture  ammunition  or  other  Military  steel  produeta  of  the 
quality  aehiavad  by  the  balliferanta  im  both  sidaa. 

However,  it  should  be  stressed  that  Germany  is  making  more 
SThaustive  use  of  scrap  and  is  segregating  it  in  a  more  systematic 
say  than  ia  aither  the  IMtad  Statea  or  Great  Britain.    Total  scrap 
mcMHaMm  baa  been  aff acted  in  Gmany*  and  every  itoi  that 
was  not  lAtaoltttaly  necessary  for  the  Ametioning  of  a  minimua 
civilian  economy  was  withdrawn  from  private  households  and  even 
factories.    Scrap  collecting  units  for  each  block  or  street  in  every 
city  have  been  responsible  for  a  complete  combing  for  every  possible 
scrap  item.    The  railways  have  set  up  a  special  department  for 
salvage  of  waste  material  which  is  usually  considered  not  worth 
coUaoting  becanaa  of  labor  coat*   Priaonara  vara  put  at  the  dia- 
posal  of  the  railways  for  this  purpose*  and  tha  raaulta  have  bean 
daclarad  vary  aatialtetery. 

The  concept  of  "scrap"  was  breadened  when  the  Germans  initiated 
looting  campedgns  in  the  conquered  countries,    Reouisitioning  and 
coiBpulsory  collections  have  been  systematically  carried  out  in  all 
of  ihm  oeeoplad  territoriaa*    la  addition*  the  Gemans  introduced 
battlaflald  colleetlona.   Et^  division  ot  tha  German  Atwj  haa  ona  or 
.  aora  companies  for  salvaging  scrap*  particularly  alloy  steal  parts* 
The  officers  of  these  companies  are  trained  to  recognize  parts  eon* 
taining  important  alloys  which  are  shipped  in  separate  boxes 
directly  to  specific  mills.    Aside  from  the  regular  salvage  troops* 
the  Army  in  general  has  been  made  scrap  conscious,  and  each 
platoon  has  two  or  aore  aen  able  to  assist  technically  in  salvage 
oparationa  and  acrap  aegregatioa.   Ihile  it  is  true  ^t  littla  or 
90  salvaging  can  be  expected  during  retreat*  stationary  oparationa 
pmlt  tha  aalvaging  of  a  hi|^  pareeataga  of  aen^. 
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fbm  GmMuis  begui  to  eeoooBlse  on  f exTO-alloys  long  h&torm 
the  war— much  earlier  than  did  th«  United  States— »  and  thcgr  hare 

raade  substantial  recoveries  of  scrap  both  at  home  and  in  occupied 
territories.    However,  as  they  have  been  producing  lean-alloy  steel 
for  years,  the  ouality  of  domestic  scrap  available  has  continually 
declined.    Thus  their  need  for  virgin  alloys  is  more  urgent  than  la 
that  of  the  Itelted  Statea,  although  the  Germans  claim  that,  as  a 
reaolt  of  their  Mortm  in  scrap  salvage  as  well  as  their  eeonoqy 
in  the  vtilisatioii  of  virgin  ferro-alloys,  they  have  been  able,  vp 
to  the  present,  to  satisfy  the  pynodding  dinanrts  of  the  steal 
industry  f  jr  fanro-aUeani. 

• 

Individual  Ferro-Allova 

Lianganese.  Thanks  to  the  rich  aanganese  nines  of  Uikopol, 
Gemsn  siqyplies  of  naneanese,  the  iadlspMisable  ferro-alloy,  were 
relatively  a^ile  in  19^3.   Before  their  withdrawal  fron  KiloopQl, 

the  Russians  reportedly  destroyed  the  ground  installations  and 
flooded  the  pits  of  the  mines.    The  stocks  of  ore  which  fell  into 
German  hands  and  were  shipped  to  Germany  in  1942  were  not  very  large, 
about  165,000  tons,  or  60,000  to  65,000  tons  of  contained  manganese, 
llie  work  of  rehabilitating  the  mines  started  at  once.    According  to 
an  offteial  fhissian  sonree,  new  pits  were  opened  in  Hovsaiber  and  Bee- 
eriber  1942,  and  the  oa^mt  of  ore  in  the  first  bifi^t  noiiths  of  19143 
aaounted  to  500,000  tons,  or  180,000  tons  of  contained  nanganese.  In 
Wiew  of  the  importance  of  this  metal  to  the  German  steel  industry,  the 
Germans  probably  spared  no  efforts  to  obtain  as  much  manganese  as 
possible  from  the  Kikopol  mines  in  the  last  four  months  of  1943.  How- 
ever, because  of  the  difficulties  arising  from  the  proximity  of  the 
battleftont,  it  is  assoMd  that  the  Germans  produced  and  shipped  out 
of  Rikopol  in  that  period  on2y  about  as  BHieh  nangBnese  as  they  did  in 
any  other  two  months  of  the  year,  making  a  total  of  about  625,000  tons 
of  ore  (225,000  tons  of  oootaiaed  asapMiese)  obtained  during  the  entire 
year  of  1943. 

V.'ith  the  exception  of  Nikopol,  there  are  under  German  control 
no  nanganese  deposits  which  produce  a  high-grade  ore,  although  many 
snail  nines  supply  Gemany  with  quantities  of  low-grade  ormm  Snsb 
nines  are  fSonnd  in  Gemany  propo*,  in  the  fialknns,  in  Hungary,  in 

Cseehoslovakia,  and  in  Italy.    The  CseehoslovakLan  annual  output  amounts 
to  approximately  100,000  tons  of  17  percent  manganese  or  about  14>000 
to  15,000  tons  of  recoverable  manganese.    Even  before  the  war, 
Hungarian  production  was  in  German  hands,  the  Deutsche  Bank  holding 
the  largest  interest  in  the  chief  manganese  deposit  near  Urkut.  At 
the  present  tine  the  Hungarian  output  may  be  close  to  10,000  or  12,000 
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tons  of  contained  manganese.    Altogether,  the  nines  in  fheny 

Europe,  outside  of  Germany  proper,  and  excluding  Nikopol,  nay 
have  produced  about  75,000  tons  of  nanganese  metal  in  1943.. 

Also  important  to  Germany  as  a  source  of  manganese  is  the 
deposit  of  manganiferous  iron  carbonate  ore  in  the  district  of 
Siegerland.    Crude  ore  from  this  deposit  contains  4  to  5  percent 
nanganese,  but  roasting  raises  the  manganese  content  to  about 
nine  percent.    The  roasting  process  is,  howev<=»r,  a  costly  one 
and  involves  larf^e  eouipment.  Germany  is  producing?  f erro-nanganese 
from  this  ore  by  first  smeltinp  the  ore  into  spiegeleisen.  Later, 
part  of  the  spiegel  is  treated  in  a  basic  converter,  and  part  in  an 
acid  cmxverter.    The  two  slags  are  mixed  for  a  blast  furnace  charge, 
the  silica  content  of  one  being  neutralised  by  the  line  content 
of  the  other.    The  Germans  clained  before  the  war  that  the  ferro- 
nangf^nese  produced  was  of  good  quality. 

According  to  some  reports,  the  annual  production  of  manganese 
from  this  source  can  theoretically  be  stepped  up  to  the  almost 
incredible  firure  of  550,000  tons  of  hiph-grade  nanganese  ore,  or 
approxiniateiy  190,000  tons  of  contained  aanganese.    However,  competent 
metallurcrists  in  the  United  States  are  inclined  to  discount  the 
possibility  that  any  inportant  anount  of  nsnj^anese  can  be  obtained 
from  this  source. 
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lABLE  9 

Enenqr  Europe:    Supplies  of  f.anganese  Jaxmaxy  1,  19^^ 
to  January  1,  19-<U 
(contained  metal  in  metric  tons) 


Stocks  on  January  1,  V^I,2 
Current  supplies  in  1942: 
fVom  Occupied  U.S.S.R. 
(Stocks  of  Nikopol) 
Geswny 

Cseelioalcyfttkiay  Italy, 

liungary,  Fnl'-7=iria,  RouBanlay 
I^goslavia  anc'  Greece 
TotpJ  smnxLies 


65,000 
50,000 


7?,Q9P 


75,000 


190.000 
265,000 


CmnamnptlQii : 
BeoxidatiQn  of  40  oilHon 

tons  of  steel  (5.5  kg.  uer  ton) 
EngineerlKf  steels  a/ 
Dry  cells 

Total  consuiaption 

Stoeks  on  January  1,  194.3 
Current  smjplies  in  1943: 
from  Oeeupied  Russia 
Gemany 

Other  European  countries 
as  above 

Total  supplies 


210,000 
50,000 
5pOOO 


225,000 
50,000 

75tPOO 


.26^,Q0ff 
265,000 

i2/ 


350.000 
350,000 


CoDsuBption: 
Beoscldatlon  of  35  alllion 

tons  of  steels 
fiiglneerinp  steels  §J 
Dry  cells 

Total  consuiaption 


lf*0,000 
77,000 
?a(fQO 


262,000 


Stoeks  on  January  1,  1944 


88,000 


Source:    Confidential  sources. 

bJ    The  consumption  cf  mrt^anese  in  enpiroeriDF  steels  is  e>-!^Liinec 

In  the  section  Cerman    Allov-GteeH  r^conoriv^  bXiC.  in  German  rattern 

of  Allo^.-  l  ower  in  19/ 3  end  Jgy^. 
Is/  i^Dproxinate  figure. 

No  infonaation  is  available  on  any  stoeks  outside  of  the  current 

pipe*lln«  reserves. 
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Chrondinn.    Most  of  Germany's  sillies  of  cfarone  ore  are 

obtained  either  from  the  Balkan  areas  or  from  Turkey.  The 
Allatini  Mines  of  Yuposlavia,  with  an  annup.l  output  of  about 
16,000  tons  (metal  content)  are  the  most  important  source. 
Of  the  chrome  ore  supplied  to  Germany  in  1943,  about  two -thirds 
cane  tram  Yugoslavia,  Greece,  and  Albania,  and  one-third  from 
Turkey.   The  so-oalled  second  (^odius  Trade  Agreement  between 
Germany  and  Turkey  provided  for  Turkish  delivery  to  Germany  of 
90,000  tons  of  chrome  ore  in  1943,  contingent  on  German  delivery 
to  Turkey  of  compensative  commodities.    About  40,000  to  42,000 
tons  of  chrome  ore  (48  percent  metal  content)  were  sh-'prjed  from 
Turkey  to  Germany  in  1943.    In  view  of  the  fact  that  some  ships 
■ay  have  been  sunk,  it  is  believed  that  the  amount  of  contained 
chroniidB  obtained  by  Germany  f^*om  this  source  could  not  have 
been  more  than  12,000  tons.    Including  stoeks  on  hand  at  the 
beginning  of  the  year  and  small  amounts  from  Bulgaria  and  Roumania, 
the  total  quantity  of  chromium  available  to  Germany  in  19ii3  is 
estimated  at  about  49,000  tons  (see  Table  10). 

TABLE  10 

fiMmy  Europe:    Supplies  of  Chrome. 
<6oiitaiiied  metal  in  metric  tons) 


Stocks  on  January  1,  1943  4,000 

trm  Turkey  12,000 

Yugoslavia  19,000 

Greece  7,000 
Albania  5,000 

Bulgaria  and  iloumania  2.000 

49,000  aj 


Sourcei    Confidential  sources. 

%/    It  is  reported  that  perhaps  2,000  tons  of  chrome  ore  were 
received  from  Bortugal  in  1943. ' 

f\X^  aolvfademMi-    Both  nickel  and  molybdenum  were  in  very 
short  supply  in  llnemy  Euixjpe.  In  1943.    New  supplies  of  nickel 
amounted,  to  about  7,000  tons,  half  of  which  cane  from  the  mines  of 
Petsamo,  Finland,  where  nickel  is  also  refined  in  a  newly  constructed 
smelter.    Finnish  output  has  been  increasinp  since  the  completion  of 
the  smelter  installations  in  the  summer  of  1943.    Germany  proper, 
Greece,  and  Korway  produce  about  the  same  quantity,  roughly  1,000  tons 
a  year  eitch.    Germany  may  have  some  small  reserves  of  nickel;  the 
amount  has  not  been  ascertained. 
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V^oduceci  chiefly  in  Norway,  the  Knaber.  mines 

melp  noiml  wrod^wtlon  ranged  betr/een  250  and  /,.00  tons  of '  metal 
t>-^^"^?4*^?  19^3,  the  Kaaben  mines  werf^  heavily  bombed,  and 
the  rroduction  almost  stopped  for  two  K^ths.    In  Jiie  and  jky 

nn^i  1      /'^''^"^^  ^^^^  °^  ^'^^ production  a^ain  rea^  al«>8t 
normal  J.evel,  so  tnat  German  molybdenuB  sapp^^a  trom  Ntnw  ma 
«K>unted  to  300  tons  in  1943.  'wway  mj 

^  I?**  the'«iii«8  rare  a^in  subjected  to  intensive 

bombmj,  and  the  crushing,  grtadinr  and  clasalfSrin?  plant  ims 
badly  damaged.    Restoration  was  delayed,  because  Qmmay  mm  onble 
to  secure  from  Sweden  all  the  neoeseaiy  m^tn^T^ 

!J?^Si^        and  only  mine,  Maetegvara,  turned  out  about  30 

nHhf  ♦^S??"^  ^  ^  ^' P^^^^"^  ^^^^^  production 

of  200  tons.    FMMnia  supplied  about  100  tons  of  molybdenum 

rakinf?  some  allowance  for  the  production  In  the  BaUcans  and 
assuminp  reserves  from  1942  of  about  200  tone,  it  is  estimated  that 
850  to^  t^s     """"^^^^"^      ^^"^  ^^P«  ^  1943  nay  have  reached 

,     ,  ^CTtfflt  TgmMfl^in,        ggfe^lt*    Of  the  three  alloying  metals 
used  mainly  in  the  producUon  of  hi^-epeed  and  tool  steela,  tunrsten 
p«  J^^'f  available  in  quantiUee  wfflcl«t  to  'iwet 

essential  1943  allocations,  while  the  cobalt  position  was  very  tlAt. 
T>^gsten  IS  produced  alir.ost  exclusively  in  the  Iberian  Peninsula, 
!2  to  Germany  in  1943  amounted  to  1,300  tons  from  Spain 

•BO  1,800  tons  firaa  Portu^.    it  has  also  been  reported,  but  not 
▼eriTled,  HiAt  Geneaqy  ■otred  fron  Spain  500  to  600  tons  of  stored 
tungsten.    Germany  derives  smII  additiwial  si^Ues  of  ttmgsten, 
perhaps  200  tons  a  year,  ft-om  domestic  producUon.    lUihether  Genoany 
is  obtaining  further  supplies  from  the  Far  East  via  blockade  runnlnir 
is  questionable.    One  indication  of  such  a  possibility  is  the  iSct 
that  crews  captured  from  ships  and  subnarines  sunk  on  this  route 
testllled  that  tungstai  was  a  part  of  the  car^o,  though  in  small 
ouantiUw,  and  that  it  always  rated  the  hl0iest  oriority.  However, 
since  no  direct  InfoamUon  Is  available  on  this  Jxjint,  simplles 
from  this  source  hove  not  been  considered  In  the  estlaetes  of  GerMm 
siqjplies. 

#     ♦^^^^^^^  commercially  mined  within  Enemy  EuroTDe  or, 

5^*L22i    *  ^»  European  Continent,  but  Germany  has  developed 

a  MfUiod  ©r  obtaimnr  iwrnadlm  fron  aineUe  iron  ore  as  well  as  from 
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yanadium-bearing  ores  la  its  osn  territory.  This  aethod,  introduced 
in  its  final  form  by  von  Seth,  caUs  for  an  extra  reblowing  of 

molten  pig  iron  in  the  acid  Bessemer  converter,  which  results  in 
the  isolation  of  slag  with  rich  vanadium  content.    After  this,  a 
complicated  chemical  treatment  completes  the  extraction  of  vanadliau 
mm  every  1,000,000  tons  of  minette  ore  treated  this  way,  about 
250  tons  of  vansdiuB  can  be  produced.    In  other  words,  to  obtain 
one  ton  of  vanadlim,  over  i^,000  tons  of  iron  ore  aust  be  subjected 
to  special  treatment.    As  this  process  of  vanadlna  separatiaii 
introduces  an  additional  step  in  steel -making,  it  necessarily  slows 
down  the  output  of  steel.  /J    Although  the  steel  plants  of  Enemy 
Europe  have  excess  capacity,  there  are  manpower  and  transDortation 
llBltations.    It  is,  therefore,  assumed  that  only  about  five  percent 
of  total  steel  production  within  the  German-controlled  area  is 
subjected  to  the  onerous  process  of  vanadiua  extraction.  Current 
annual  supplies  of  vanadiua,  ^wefore,  are  prcM>ly  no  aore  «»>n 
about  1,000  tons* 

Cobalt  supplies  are  extremely  short,  amounting  to  perhaps  250 
orv3oo  tons  in  1943.  About  half  of  this  amount  comes  fi-om  Germany 
proper,  the  balance  trcn  Finland. 

Supplies  of  alloying  aetals  available  in  Eneniy  Europe  in  1943  are 
suonarised  in  Table  11. 


A/   A  detailed  description  of  vanadium  production  in  German  Europe 
is  given  in  the  TRk  report,  EP-37-YY,  Vanadium.  October  22,  i943. 
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TiBI£  n 

meajf  Europe:    Supplies  of  Ferro-Alloys,  1943 
(contained  metal  in  metric  tons) 


Stocks  at 
the  beginning 
of  the  vaM* 


i.-anpanese    a/  b/ 

Chromium  i^.OOO 

Nickel  y 

juolybdenun  200 
Tungsten  (eoaoenfezmte*)  gcx) 

Vanadiiai  2OO 
Cobalt 


Supplies 
obtained 
during  IQ^^ 


165,000  5/ 
/%000 
7,000 
650  to  700 
3,300 
1,000 
250  to  300 


Total 


165,000 
^^9,000 
7,000 
850  to  900 
3,800 
1,200 
250  to  300 


Source:    EstiHites  based  on  confidential  sources. 

§/   (toly  that  additional  tonnaFe  of  oanganeee  itoich  is  used  as  a 
ferro-alloy  is  included  in  this  table.    The  tonnage  (180,000 

tons)  annually  consumed,  and  indispensable,  in  the  making  of 
carbon  steel,  is  excluded  under  Supplies  Obtained  During  19it3. 
jfe/    Ko  information  is  available  concerning  stocks  outside  the 
current  pipe-line  reserve. 

Does  not  include  5,000  tons  of  manganese  used  in  dry  cells. 
§/   In  addition,  the  500  to  6OO  tais  of  tungsten  which  were  stored 
in  Spain  wmy  now  be  in  the  possession  of  Germany. 

Qerman  Pattern  of  AUov  Powgr  in  19Z.3  and  icj^ 

A  comparison  of  Gerrmn  ferro-alloy  recuire-::ents  for  lC)/+3  (Table  S) 
with  siqyplies  availsble  for  that  year  (Table  11)  leads  to  the  conclusion 
that  Bieray  r-urope   1)  had  reserves  of  nanfianese  in  excess  of  reouire- 
n-nts;    2)  has  been  able  to  meet  essential  recuirements  of  chromium, 
tungsten,  and  vanadium;  and  3)  is  very  short  in  nickel,  molybdenum, 
and  cobalt.    A  conparisor  indicates  also  that,  while  production  of 
stainless  and  tool  steels  of  the  reouired  ouality  was  possible  with 
thtj  ferro-alloys  at  Gerraany's  disposal,  the  recuirements  for  enfrineerin^ 
steels,  and  thus  for  Germany's  ordnance,  could  have  been  satisfied  in 
19/^3  with  the  virgin  metals  on  hand  only  if  the  pattern  of  alloy  pov;er 
similar  to  that  used  in  United  States  wartime  steel  production  had  been 
ebanconed  and  a  new  pattern,  adarted  to  the  realities  of  the  German  ferro- 
alloy  supply  situation,  put  into  effect. 
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'     Table  2  showed  that  the  United  States  pattern  of  engineering 
steels  required  41.6  units  of /alloy  power  for  every  1,000  tons  of 
steels  produced.    This  minimum  of  alloy  power  must  also  be  present 
in  Germsn  engineering  steels.    If  some  particular  alloying  elements 
are  not  available,  the  41.6  units  must  come  from  another  combination 
of  elements.    According  to  Table  11,  Enemy  Europe  in  1943  actually 
had  available  for  use  as  virgin  metal  in  engineering  steels  only  two 
ferro-alloys f  manganese  and  chromium.    The  small  tonnage  of  available 
nickel  and  molybdenum  was  undoubtedly  needed  for  stainless  and  tool 
steels*   The  use  of  chrosdum  may  haV^  had  to  be  reduced  below  the 
level  of  the  United  States  pattern.    Manganese,  however,  could  haire 
been  used  in  much  larger  quantities. 

It  is  estimated  that  of  the  41.6  units  of  alloy  power  needed 
for* 1,000  tons  of  steels,  18.4  units  could  have  be^n  obtained  from 
chromium,  but  that  the  remaining  23.2  units  must  have  come  from  man- 
ganese.   The  difference  between  this  pattern  and  that  of  the  Uialted 
States  may  be  represented  as  follows: 

Alloy  power  per  1,000  tons  of  engineering  steels 

United  States'  pattenf  German  pattern 

13.8  imits  from  manganese  23-2  units  Trom  manganese 

5*4  units  from  molybdenum  ~ 

18.4  unit^  from  chromiuri  18.4  units  ,trom  chromium 

'     4.0  units  from  nickel   —  

41.6  units  of  alloy  power  ^  41.6  units  of  alloy  power 

from  virgin  metal.  ^  from  virgin  metal. 

If  this  is  the  pattern  used  in  Germany,  the  41.6  units  of  allpy 
power  must  be  derived  ft^ms 

,  18.6  tons  of  contained  rnanp;anese  and 
5.8  tons  of  contained  chromium  per  each 
1,000  tons  of  engineering  steels- 

Thus,  by  force  of  circumstances,  Germany  may  have  shifted  in  1943, 
or  is  abo\it  to  shift,  tram  a  four-alloy  pattern  of  alloy  power— the 
pattern  used  in  United  States  engineering  steels*-to  a  far  less 

balanced  two-alloy  pattern.    Having  no  access  to  important  sitpplies 
of  nickel  and  molybdenum,  as  does  the  United  States,  Germany  may  have 
been  compelled  to  adopt  a  rattem  of  alloy  power  using  manganese  ajid 
chromium  exclusively  insofar  as  virgin  metals  are  concerned. 


■'liii 


'ii'".' 
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TABLE  11 

Hiengr  Europe:    Supplies  of  Ferro-Alloys,  19/^3 
(contained  metal  In  metric  terns) 


AHoyiiig  eleaoit 


Stocks  at 
the  beginning 

Qi  tfec  YflMT  


Supplies 
obtained 


to.anpanese 
Chromiiim 
Nickel 
iioljFbdeDiiBi 

Tungfsten  (eo&eeiiln(tM) 

Vanadiiun 
Cobalt 


4,000 

y 

200 
900 

200 


165,000  s/ 
45,000 
7,000 
650  to  700 
3,300 
1,000 
250  to  300 


165,000 
49,000 
7,000 
850  to  900 
3,800 
1,200 
230  to  300 


Source:    Estimates  based  on  confidential  sources. 

a/  Only  that  additional  tonnage  of  manganese  vhieh  is  used  as  a 
ferro-alloj  is  included  in  this  table.  The  tonra^e  (180,000 
tons)  annually  consumed,  and  indispensable,  in  the  making  of 
carbon  steel,  is  excluded  under  Supplies  Obtained  During  1943. 

jy/    IIo  information  is  available  concerning  stocks  outside  the 
ciju?rent  pipe-line  reserve. 

s/  Does  not  include  5^000  tons  of  manganese  used  in  dry  cells. 
In  addition,  th«  500  to  600  tons  of  tungsten  iriiich  were  stored 
In  Spain  mty  now  be  in  the  possession  of  Germany. 

A  comparison  of  Gerrnan  ferro-alloy  recuirernents  for  1943  (Table  8) 
vith  supplies  available  for  that  year  (Table  11)  leads  to  the  conclusion 
that  laiei^y  'Bxxrope   1)  had  reserves  of  maneanese  in  exeess  of  recuire- 
rnents;   2)  has  been  able  to  meet  essential  recuirernents  of  chromium, 
tunjTsten,  and  vanadiimi;  and  3)  is  very  short  in  nickel,  molybdenum, 
and  cobalt.    A  comparison  indicates  also  that,  while  production  of 
stainleds  and  tool  steels  of  the  reouired  quality  was  possible  with 
th«3  ferro-alloys  at  Germany's  disposal,  the  recuirernents  for  engineering 
steels,  and  thus  for  Germany's  ordnance,  could  have  been  satisfied  in 
19Ay  with  the  virgin  laetals  on  hand  only  if  the  pattern  of  alloy  power 
similar  to  that  used  in  United  States  wartiiae  steel  production  had  been 
abandoned  and  a  new  pattern,  adapted  to  the  realities  of  the  German  ferro- 
alloy supply  situation,  put  into  effect. 


Table  2  showed  thtft  the  United  States  pattern  of  engineering 
steels  recrulred  41.6  units  of /alloy  power  for  every  1,000  tons  of 
ste^  produced.    This  mininrum  of  alloy  power  must  also  be  present 
in  German  engineering  steels.    If  some  particular  alloying  elements 
are  not  available,  the  41.6  units  must  come  from  another  combination 
of  elements.    According  to  Table  11,  Enemy  Europe  in  1943  actually 
had  available  for  use  as  virgin  metal  in  engineering  steels  only  two 
ferro-alloys  t  manganese  and  chromium.    Ilie  small  tonnage  of  available 
nickel  and  molybdenum  was  undoubtedly  needed  for  stainless  and  tool 
steels.    The  use  of  chromium  may  hav'fe  had  to  be  reduced  below  the 
level  of  the  United  States  pattern.    LSanganese,  however,  could  have 
been^ssed  in  much  larger  quantities. 

It  is  estimated  that  of  the  41.6  units  of  alloy  power  neieded 
for '1,000  tons  of  steels,  18.4  units  could  have  been  obtained  trem 
chromium,  but  that  the  remaining  23.2  units  must  have  come  from  man- 
^ese.   The  difference  between  this  pattern  and  that  of  the  United 
States  My  be  rc^iresmited  as  follows: 

Alldy  power  per  1,000  tons  of  engineering  steels 
United  States'  pattern  German  patteni  ' 

13.8  units  tram  manganese  23.2  units  from  manganese 

5.4  units  from  molybdenum 
18.4  unitr  from  chromium  18.4  units  from  chromium 

4.0  imlts  from  nickel  — zz-    ■ 

41,6  units  of  alloy  power  41.6  units  of  alloy  power 

from  virgin  metal.  "  from  virgin  metal. 

If  this  Is  the  pattern  lused  in  Germany,  the  41.6  units  of  6lloy 
power  must  be  derived  firams 

,  18.6  tons  of  contained  raan^^anese  and 
5,8  tons  of  contained  clriromiura  per  each 
1,000  tons  of  engineering  steels. 

Thus,  by  force  of  circtamstances,  Germany  may  have  shifted  in  1943, 
or  is  abovit  to  shift,  from  a  four-alloy  pattern  of  alloy  pov/pr— the 
pattern  used  in  United  States  engineering  steels— to  a  far  less 
balanced  two-alloy  pattern.    Having  no  access  to  important  supplies 
of  nickel  and  molybdenum,  as  does  the  United  States,  Germany  may  have 
been  compelled  to  adopt  a  pattern  of  alloy  power  using  manganese  and 
chromium  exclusively  insofar  as  virgin  metals  are  concerned. 


Under  such  circumstances,  the  demands  upon  manganese  supplies 
for  the  making  of  engineering  steels  must  be  very  heavy.    As  18.6 
tons  of  aanganese  voold  be  reqnxired  for  each  i,CXX)  tons  of  engineering 
stMla,  «hc«[i  77»000  tmm  «m  porbbably  needed  for  the  total  tonnage 
of  (kamm  fm^iaMtthm  vMU  la  19i43. 

The  following  table  summarizes  the  estimates  of  both  suppliM 
and  reouirements  of  four  ferro-alloys  in  Siemy  Europe  in  19 A3,  as 
analyzed  above.    In  the  first  coliimn  are  shoim  only  those  supp3J.08 
liileh  «or«  loft  available  for  the  engineering  steels  after  the 
■lAIWB  &mmrA  for  stainloM  or  tool  steels  had  been  satisfied. 

max,  12 

i^eqy  Europe:    Major  Ferro-Alloys  in  Engineering  Stools^  1943 
(contained  aotaX  in  metric  tons)  > 


Alloying 

Manganese 
Hielnl 


aiRsildai^ 

for  engin- 


165,000 
30,000 
2,250 


four-allex  or 


Roi|iiiro- 
M   Mnts  for 
two -alloy 


42,000 
22,100 
15,250 
4,950 


+  123,000 
t  7,900 

-  13,200 

-  ^950 


Sorplus  M 

or 


77,000  ^  88,000 
22,100      f  7,900 


Sovreos   Estimtes  bMod  on  confldentiAl  soareos. 


M)2.o  12  indiofttos  that  Germany  mould  have  been  forced  to  resort 
to  a  t*o-«lloy  mj9tm  in  1943  if  it  had  hid  to  dspsnd  axeluslvoly 
OB  aMi  alloy  metala  to  be  addod  to  stool.   Hovover,  tho  utiliaatioii  ot 

scrap  permitted  the  enrichment  of  engineering  steels  with  small 
Quantities  of  ferro-alloys  which  otherwise  would  have  been  lacking. 
Germany  can  obtain  from  scrap  insignificant  amounts  of  molybdenum, 
some^iat  more  of  nickel,  and  also  some  chrome.    Furthermore,  as  Table  12 
ahoms,  Qermaqy  had  about  2,000  tons  of  nickel  to  be  used  in  engineering 
tUUU.   fbim  wmouat  la  too  insignifloaiit  to  bo  oonaiderod  with  reapaot 
to  tte  total  output  of  sagtMsriiig  atoala,  but  flogliioorlBg  staala  for 
certain  high-priority  uses  can  bo,  and  probably  are,  providod  mith 
sufficient  nickel  to  influence  the  ouality.  (This  may  be  the  case  in 
the  face-hardened  armor  plate  of  the  Mark  VI  tank.)  Finally,  Germaagr 
can  apply  vanadium  to  some  eztoit  in  order  to  ijqxrove  the  quality 
of  the  engineering  steels.  ' 


The  most  important 
the  scrap.    However,  old  stocks  of  scrap  must  be  exhausted,  or 
almost  exhausted,  by  now,  and  the  scrap  at  present  produced  in 
the  steel-making  process  mast  contain  increasingly  smallei* 
peroentagos  of  alloying  elemnts.   Thna,  tho  enginearlng  atoala 
prodoBod  in  1943  were,  parhaps^  virtually  two-alloy  steela.  Aa 
will  be  seen  latar,  the  two4dloy  pattern  nay  be  the  only  one 
possible  for  German  steel  composition  in  19^.    First,  however, 
it  may  be  fruitful  to  consider  metallurgical  analyses  of  captured 
German  materiel,  which  throw  some  light  on  the  properties  and 
types  of  enemy  steels. 


liiifiriiMtriiimiKMiiiiia 


VII.    CAFrUBEIt  tfAT£BI£L 


mi 


With  a  view  to  taking  advantage  of  every  usejTul  feature  of 
eneniy  ordnance,  exhaustive  examinations  of  captured  materiel  are 
earrifld  out  both  In  the  United  States  and  in  Great  Britain.  Large 
stoete  jof  eMgr  var  equlpBeot  nere  Ukm  in  North  Africa  and  Italy, 
ftnd  aoM  of  it  haa  be«i  aobjeeted  to  setallsirgioal  aanainatioo* 

A  study  of  the  extent  and  meaning  of  any  changes  occurring 
In  German  alloy-steel  products  in  the  years  1939  through  19A2  would 
provide  an  exact  check  on  German  practice  in  the  use  of  ferro-alloys. 
I&ifortimately,  this  is  not  possible  at  present.    The  main  reason  la 
tliaty  with  the  eaoeeptldn  of  Geraan  amor  plate  analyzed  by  the 
Brltiah,  not  a  sin^o  aelriea  of  apaeiaena— engine  parts,  anwr  plate, 
guns,  or  other  amnunltibfi-^uia  been  followed  through  all  the  yeara 
of  the  war.    In  fact,  many  examination  reports  do  not  mention  the 
year  of  manufacture  of  the  article  studied.    Moreover,  the  examina- 
tions are  frequently  of  different  p€urts  of  different  products — ^here 
a  fragment  of  an  armor  plate,  there  a  gun  barrel,  or  a  projectile, 
a  cartridge  caae«  or  a  falve  aeat*    Furthermore,  according  to  present 
InfoTBatioiiy  BO  veapona  or  other  war  aateriel  prodncad  in  1943  hare 
yet  been  analyzed.    It  is,  therefore,  inpoasible  to  aaka  aagr  co^pariaCB 
between  identical  watal  prodnsta  wainf aetiarad  tiunoi^Mxit  the  «r  yaara. 

Und  er  the  circumstances,  this  report  will  simply  summarize  the 
few  most  important  findings  on  German  alloy  steel  obtained  fjpom  the 
aaaljaea  of  enen^  eouipment. 

It  has  been  found  that  captured  ordnance  parts  made  at  the 
beginning  of  the  war  were  mostly  of  chromium-molybdenum  steel.  This 
was,  for  instance,  the  type  of  steel  used  in  the  German  tanks  armor 
plate  (mentioned  above)  examined  by  the  British  War  Service,  the  only 
eaeviiiiatiofr  which  perwitted  a  comparison,  of  a  aiailar,  if  not  identical, 
Ganaoi  prodoet  for  the  yeara  1940  through  1942.   Throoi^ioat  the  aatira 
period,  the  armor  plate,  both  homogeneous  and  face-hardened,  waa  aade 
of  chromium-molybdenum  steel  (see  Table  13).    The  trifling  amounts  of 
nickel  or  vanadium  shown  way  have.r^>rea«nted  reaidiiala  in  the  amqp 
used* 

The  Briiiah  reported  a  shift  ftrom  chroBdunHBolybdenum  steel  to 
]iidfel«*^ireidiai  ateel  in  Gerwan  tanka  araor  plate  aade  in  1943*  How- 
ever, as  no  analysis  was  made  of  a  apeciwen,  it  was  not  included  in 
tha  tabla.   Ihia  la  the  only  report  of  aueh  a  ahift.    If  it  la  tma. 


37 


Garaany  would  have  needed  300  to  600  tons  of  nickel  to  nanufacture 
nickel-ohroBiuB  ateel;  these  quantities  may  have  been  available 
in  1943,  or  the  nickel  content  may  have  come  from  captured  battle- 
field scrap,  carefully  aegregated  by  the  Germans. 

The  German  A. P.  shell  and  also  gun  steels  were  almost  exclusively 
of  the  nickel -chromium-molybdenum  type  at  the  beginning  of  the  war, 
aa  they  are  atill  in  the  United  States  and  in  Great  Britain.  A 
nfUier  typical  analyaia  of  German  amnunition  of  this  period  revealed 
1.2  to  1.5  percent  chromium,  0.2  to  0.3  percent  molybdenum,  and 
0,3  to  0.4  percent  nickel.    Steel  of  some  German  gun  barrels,  such 
as  that  of  the  7.5  cm.  KwK  tank  gun,  has  been  found  to  be  of  comparatively 
high  alloy  content:  chromium  1.85  to  2.00  percent,  nickel  1.2  to 
1.5  percent,  and  vanadium  0.10  to  0,15  percent.    lianganese  content 
ranged  between  0.5  and  0.8  percent. 

Deviations  from  this  standard  type  were  found  in  gun  steel. 
At  the  end  of  November,  1942,  the  percentage  of  chromium  in  such  steel 
was  reduced  by  .25  to  .50  of  one  percent,  that  of  nickel  raised  to 
1.7  percent,  and  that  of  manganese  raised  from  .80  to  2.00  percent. 
It  is  known  that,  at  this  time,  German  steel -works  were  ordered  to 
report  on  savings  achieved  in  chromium.    The  nickel  content  waa  aasuned 
to  have  eo«a  from  aerap. 

No  use  of  the  scarcer  alloys  in  high-explosive  shells  was  disclosed 
by  the  examinations  of  captured  materiel.    For  instance,  8.8  cm,  shells 
manufactured  late  in  the  fall  of  1942  contained  only  residual  amounts 
of  molybdenum,  up  to  .6  percent  of  nickel,  which  nay  or  may  not  have 
been  realdual,  plua  some  vanadium  and  manganese.    The  37  an.  high 
exploaivaa  ahowed  only  a  trace  of  nickel  and  vanadium  both  in  the 
nose  and  the  body,  1.15  to  1.25  percent  chromium,  and  0.0  to  0*30 
percent  molybdenum. 

The  examination  of  German  7,9  cartridge  link  belts,  showed  them 
to  be  made  of  a  type  of  stainless  steel  that  was  18  percent  manganese 
and  9*84  percent  chroaiuB.    As  this  item  was  manufactured  in  1939, 
it  is  worth  noting  aa  evidence  of  the  German  tendency  to  conserve  the 
scarce  naterials,  such  as  nickel,  even  at  so  early  a  date. 

Silicon-liianganese  Steel 

Rxami nations  of  German  A. P.  shell  and  88  mm.  ammunition  steels 
manufactured  late  in  1942  are  reported  to  reveal  a  change  from  the 
chroaiuB-nolybdenun  type  of  steel  to  the  silicon-manganese,  a  change 
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VII.    CAPTUKED  I^ATERIEL 


I 


i 


With  a  -viev  to  taking  advaiitage  of  erery  tiaefoX  feature  of 
mmy  ordnance,  eadtfnistlve  exanlnatlons  of  captixr«d  nateriel.  are 
carried  out  both  in  the  United  States  and  in  Great  Britain,  Large 
stocks  of  enemy  nar  equipment  were  taken  in  North  Africa  and  Italj^ 
and  some  of  it  has  been  subjected  to  metaJLIurglcaX  exaalnatioo. 

4  study  of  the  extent  €md  meaning  of  any  changes  occurring 
In  Gamait  all^y-atMl  products  in  the  years  1939  through  1942  would 
provide  an  staet  ohsek  on  Garaaii  pfractlos  In  the  use  of  fanpo-aUoys* 

Unfortunately,  this  is  not  possible  at  present.    The  main  reason  is 
that,  with  the  exception  of  German  armor  plate  analyzed  by  the 
British,  not  a  single  series  of  specimens — engine  parts,  armor  plate, 
guns,  or  other  ammunition — has  been  followed  through  all  the  years 
of  the  war.    In  fact,  many  examination  reports  do  not  mention  the 
year  of  aaaiifkctiire  of  the  article  studied.   Mffireover,  the  iftnialiw- 
tioBs  are  ftraqooBtly  of  different  parts  of  different  prodnets->«l^ere 
a  fragment  of  an  araor  plate,  there  a  gun  barrel,  or  a  projectile, 
a  cartridge  case,  or  a  waive  seat.    Furthermore,  according  to  present 
information,  no  weapons  or  other  war  materiel  produced  in  194-3  have 
yet  been  analyzed.    It  is,  therefore,  impossible  to  make  any  comparison 
between  identical  metal  products  manuf acttured  throu^out  the  war  years. 

tteder  the  oireunstances,  this  report  will  ^intply  uunndse  tSie 
few  mutst  InportMuit  findings  on  Geman  alloy  steel  obtained  firon  the 
•mIjpwni  of  eneaQT  eoidpMBt* 

It  has  been  found  that  captured  ordnance  parts  made  at  the 
begiiming  of  the  war  were  nostly  of  chrooiiiBHBolybdeniai  steel*  This 
IM,  for  instance,  the  -^rpe  of  steel  used  In  the  Genaan  tanlcs  amor 
plate  (mentioned  above)  examined  by  the  British  War  Service,  the  only 
examination-  irtiich  permitted  a  comparison  of  a  similar,  if  not  identical, 
German  product  for  the  years  19ii.O  through  1942,    Throughout  the  entire 
period,  the  armor  plate,  both  homogeneous  and  face -hardened,  was  made 
of  chromium-molybdenum  steel  (see  Table  13).    The  trifling  amounts  of 
nickel  or  vanadium  shown  may  have  represented  residuals  in  the  scrap 
used* 

The  British  reported  a  shift  from  chromium-molybdenum  steel  to 
nickel -chronium  steel  in  German  tanks  armor  plate  made  in  194-3.  How- 
ever, as  no  analysis  was  made  of  a  specimen,  it  was  not  included  in 
the  table.    This  is  the  only  report  of  such  a  shift.    If  it  is  true. 
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Germany  would  have  needed  300  to  600  tons  of  nickel  to  manufacture 
nickel -chromium  steel;  these  quantities  may  have  been  available 
in  19 A3,  or  the  nickel  content  nay  have  cone  fron  captured  battle- 
field scrap,  carefully  segregated  by  the  Gennan«. 

The  German  A, P.  shell  and  alro  n^n  steels  were  almost  exclusively 
of  the  nickel -chromium-molybdenum  type  at  the  beginning  of  the  war, 
as  they  are  still  in  the  United  States  and  in  Great  Britain.  A 
rather  typical  analysis  of  German  ammunition  of  this  period  revealed 
1.2  to  1.5  percent  chronium,  0.2  to  0.3  percent  molybdenum,  and 
0.3  to  0.4  percent  nickel.   Steel  of  some  Gen»n  gun  barrels,  such 
as  that  of  the  7.5  cm.  KwK  tank  gun,  has  been  found  to  be  of  conparatively 
high  alloy  content:  chronium  1,B5  to  2.00  percent,  nickel  1.2  to 
1,5  percent,  and  vanadium  0,10  to  0.15  percent.    Manganese  content 
ranged  between  0.5  and  0.8  percent. 

Deviations  fron  this  standard  type  were  found  in  gun  steel. 
At  the  end  of  ^ovmber,  1942,  the  percentage  of  chrooiiuD  in  such  steel 
was  rednoed  by  .25  to  .50  of  one  percent,  that  of  nickel  raised  to 

1,7  percent,  and  that  of  manganese  raised  from  .80  to  2,00  percent. 
It  is  known  that,  at  this  time,  German  steel-works  were  ordered  to 
report  on  savings  achieved  in  chromium.    The  nickel  content  was  assumed 
to  have  come  from  scrap. 

No  use  of  the  scarcer  alloys  in  high-explosive  Shells  was  disclosed 
by  the  eacudrntions  of  captured  materiel.    For  instance,  8,8  cm.  shells 
manufactured  late  in  the  fall  of  1942  contained  only  residual  amounts 
of  molybdenum,  up  to  ,6  percent  of  nickel,  which  may  or  may  not  have 
been  residual,  plus  some  vanadium  and  irianganese.    The  37  mm.  high 
explosives  showed  only  a  trace  of  nickel  and  vanadium  both  in  the 
nose  and  the  body,  1.15  to  1.25  percent  chronium,  and  0.0  to  0.30 
percent  molybdenum. 

The  examination  of  German  7.9  cartridge  link  belts,  showed  them 
to  be  made  of  a  type  of  stainless  steel  that  was  18  percent  manganese 
and  9.84  percent  chromium.    As  this  item  was  manufactured  in  1939, 
it  is  worth  noting  as  evidence  of  the  German  tendency  to  conserve  the 
scarce  materials,  such  as  nickel,  even  at  so  early  a  date. 

i?nigffn"F^"T"*^^^  steel 

Examinations  of  German  A.P.  shell  and  88  mm.  ammunition  steels 
manufactured  late  in  1942  are  reported  to  reveal  a  change  from  the 
chromium-molybdenum  type  of  steel  to  the  silicon-manganese,  a  change 
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TABLE,  13 

PcnNi-4Uogr  Coaporf^ifla  of  Omuft  Uniks  Amor  Pints 


IVpe  of 
plate; 


Type 
of 


Nimber 
of 


Bnge  of  ABRljiiO  •  pOTOMElt 


1/ 


Tanks  SDecimena. 

C 

Mn 

Ni 

issXs^  

BoBo^on* 

0.29- 

0.27- 

0.30- 

0.04- 

2.35- 

0.34-  m 

eons 

WeAmL  D 

0.35 

0.43 

o.a 

0.23 

2.59 

0.44 

Uachino* 

able 

1940-41 


19a-42 

PlJbl.IIIy 

16 

0.44- 
0.56 

0.24- 
1.80 

0.44- 

o«io 

Tmeo 
0.14 

0.89- 
1.51 

0.25 
0.60 

Nil  to 
0.19 

PZ.KW.IIIy 

ikidol  J 

6 

0.42- 
0.51 

0.70- 
0.78 

0.59- 
0.72 

0.09- 
0.22 

1.32- 
1.53- 

0.41- 
0.52 

Nil 
0.19 

1942 

Pz.Kw.fl. 

6 

0.46- 
0.52 

0.28- 
0.35 

0.65- 
0.72 

0.02- 
0.05 

2.23- 
2.64 

0.52- 
0.59 

HI 

Face- 
hardened 
1940-a 

Pz.Kw.III, 
ISodol  F 

4 

0.24- 
0.27 

0.24- 
0.64 

0.96- 
1.15 

0.02- 
0.13 

0.91- 
1.39 

0.30- 
0.39 

Nil 
Trace 

19a-42 

Pi.Iv.III 

41 

4 

0.15- 
0.22 

0.19- 
0.25 

0.22- 
0.38 

0.11- 
0.19 

2.51- 
2.60 

0.39- 
0.46 

Nil  to 
0.02 

bard fined 
1942 

ps.Kv.in 

10 

0.42- 
0.62 

0.27- 
0.78 

0.56- 
0.72 

Trace 
0.38 

1.23- 
1.62 

0.29- 
0.66 

Nil  to 
0.26 

SoQieos   MEi,  lT|t.i>n4g»meii  Wftdtlv.  Ho.  95,  D«S6rt»«r  2,  1943. 

1/  The  symbols,  in  order,  stand  for  carbon,'  silicon,  aanganeae,  nickel, 
ehron&iai,  BolybdeDim,  and  vanadium. 
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that  might  logically  have  taken  place  as  supplies  of  chromium 
and  nickel  dwindled.    On  the  other  hand,  the  analysis  of  Genan 
aircraft  arnor  plate  revealed  a  drift  In  the  opposite  direction. 
The  amor  plate  of  the  earlier  enemy  bombers  (the  entirely 
obsolescent  Domier  17  and  Heinkel  111  of  1935),  as  well  as  the 
fighters  (Ifiesserschmit  109  of  1936  and  1937),  was  made  of  steel  con- 
taining from  1  to  2.25  percent  silicon  and  up  to  1.5  percent  manganese, 
with  high  carbon  content  and  no  chromium.    Cxirrent  models,  however, 
such  as  Messerschmit  109F  of  1942  and  Focke-illulfe  190  of  1942-43, 
have  armor  plate  Bade  of  either  silicoii-chroBlwi-aoljfbd^puB  steel 
or  of  plain  1.5  percent  efarooduB  steel.    This  represents  an  improve- 
■flnt  in  the  type  of  steel  used  for  amor  plate,  an  improvement  which, 
in  the  opinion  of  MEW,  was  forced  upon  Germany  by  the  heavier  caliber 
ammunition  of  the  United  Nations.    As  the  reouirements  of  chromium 
and  molybdenum  for  the  aircraft  armor  are  small  in  themselves,  as 
well  as  in  comparison  to  amounts  needed  for  other  purposes,  Qemsny 
is  no  doubt  able  to  satisf^r  them.    The  reported  shift  to  sUlcoB- 
■sn^uiese  steels  in  sbiUo  and  aaMmitlon,  hatmm^,  aay  nark  the 
beginnlBg  of  the  use  of  IMs  steel  in  other  war  materiel.  Rirther 
■snifestations  of  this  shift  woiad  demonstrate  a  growing  urgency 
00  Germany's  part  to  practice  extreme  economy  in  the  use  of  the  ^ 
seareer  ferro-^alloys. 

The  substitution  possibilities  of  silicon  are  Halted.  Sllloan 
has  an  alloy  power  of  qpproxinately  the  saae  aagnltude  as  that  of 
nickel.    Most  engineering  steels  in  this  country  and  also  in  Germany 
contain  up  to  .30  percent  silicon.    This  content  may  be  increased  up 
to  one  percent  in  as  much  as  one-third  of  the  steel,   but  beyond 
this  point  it  cannot  be  applied  efficiently. 

lio  supply  problem  is  involved  in  the  application  of  silicon, 
because  Gemany  has  an  excess  capacity  for  producing  this  alloying 
elaMot.    Iblloving  the  usual  netallurgical  practice  in  the  use  of 
silicon,  Gemany  would  reouire  between  35,000  and  4C,000  tons  of 
silicon  per  year.    As  much  as  100,000  tons  of  silicon  can  be  produced 
annually  within  German -controlled  territories  exclucinp  Norway,  v;hich, 
in  addition,  has  a  large  capacity  for  silicon  production.  Korway 
is  now  producing  ferro-silicon  at  the  Electric  Furnace  Products 
Co.  Ltd.,  at  Sauda,  the  largest  ferro-alloy  plant  in  Europe,  i/ 


37    This  plant,  which  formerly  turned  out  60,000  tons  of  ferro- 

manganese  annually,  apparently  cannot  now  be  supplied  by  Germany 
with  manganese  ore  for  the  production  of  this  ferro-alloy. 


Snmmrv  of  Findinga  on  Capturad  Material 

The  anOyses  of  captured  mr  Bateriel  have  not  been  sufficiently 
eztentlTe  to  pendt  a  carefol  cheek  on  Geman  praetiee  In  the  uae  of 
ferro-alloys.    It  Is  an  eatablished  fact  that  the  quality  and 

workmanship  of  Germri  materiel  manufaetored  at  the  beginning  of  the 
war  were  excellent;  in  only  a  few  cases  could  the  evidence  of  shortage 
or  severe  economy  be  established.    The  enemy  war  eouipment  thus  far 
examined  has  shown  no  deterioration  in  quality  or  effectiveness. 
8oae  of  the  analyses  would  seem  to  suggest  that  no  shortage  of  f  erro« 
allojs  esieied  in  GenMogr  and  that.  In  fket,  no  aerious  effort  at 
eeoooflor  in  the  MO  of  these  ¥ltal  mteriale  had  bean  ai^e* 

Certain  observations,  however,— the  low  nickel  and  chromium 
content  of  some  of  the  steels,  the  high  percentage  of  chroniliffl  and 
manganese  in  stainless  steel,  and  the  shifts  toward  stronger  armor 
plate  and  a  new  silicon-manganese  steel  t^e— fit  into  the  overall 
pietnre  ^  ferro-alloys  as  pressnted  In  this  rsport* 


VIII.    OUTLOOK  FOR  19U 


Germany  entered  this  crucial  year  of  the  war  with  almost 
no  stocks  of  any  major  ferro-alloy,  with  the  possible  exception  of 
manganese.    Of  all  the  ferro-alloys  important  in  steel-making,  only 
vanadium  might  be  produced  domestically  in  adeouate  cuantities,  and 
even  this  is  doubtful.    To  maintain  its  alloy  steel  economy— already 
reduced  to  a  ^-alloy  pattern  for  englneertog  steels— Gemaiqr  is 
dependant  upon  current  supplies  troa  the  occi^led  or  neutral  countries 
of  Europe.    The  liberation  of  occupied  countries  or  a  changing  policy 
in  neutral  countries  would  cut  the  vital  ferro-allpy  supply  lines  and 
endanger  the  nrecarious  two-alloy  pattern  of  ordnance  steeld* 

With  territorial  changes  In  Enengr  Europe  impending  in  19 /U^,  the 
various  alternatives  possible  for  the  German  alloy  steel  econoBQT 
should  be  eandned  . 


OtttPUt  of  Steel  in  19jLA 

m 

Since  19^10,  the  theoretical  steel  capeolty  of  Germany  has  been 

in  the  neighborhood  of  52  million  tons  a  year.    However,  WBoay  of 
the  snail  steel  plants  have  not  been  in  oneration.    Some  were  dis- 
mantled to  fiimish  the  operating  steel  works  v/ith  additional  eanipr.ent» 
Labor  shortages,  the  difficulty  of  transporting  iron  ore  and  ferro- 
alloys to  maaerous  small  plants  dispersed  throughout  the  country,  and 
their  need  of  nee  tools  have  reduced  the  outout  of  others*  Airther- 
more,  many  of  the  small  plants  that  were  operating  nay  have  been  put 
out  of  commission  by  bombing,  and  bomb  r^araage  and  destruction  have 
been,  and  will  continue  to  be,  inflicted  on  many  large  plants.  ITie 
steel  capacity  of  Knemy  Europe  may  now  be  as  much  as  10  to  20  percent 
lower  than  the  theoretical  figure.    It  has  been  estimated  that  actual 
production  in  19 A3  was  approximately  35  million  tons. 

The  loss  of  BelgiuBy  toembourg,  and  Northeastern  nE'enee,  and  the 

interruption  of  deliveries  of  Swedish  iron  ore  would  have  the  most 
serious  effect  on  C-erinany's  total  steel  output  in  19 AA.    In  19/^3, 
Belgium,  Luxembourg,  and  France  supplied  Ger:-.any  with  about  33  million 
tons  of  ore,  averaging  33  percent  i:^on  content.    Their  steel  v/orks 
turned  out  from  8  to  9  million  tons  of  steel  (3.5  to  6  million  tons 
in  n-anee  and  2.5  to  3  nillicai  tons  in  Belgium  and  Luxenibourg) .  I'hey 
have  an  additioaal  eapaeity  of  about  5  to  6  adllion  tons  of  steel  a 
year. 


For  the  entire  period  of  the  war,  Sweden  has  exported  to 
Germany  about  9  million  tons  of  iron  ore  annually.    Swedish  ore— which 
is  hi^  grade  and  contains  little  phosphorus— is  of  extreme  l]qx>rtanoe 
to  til*  QunMB  stMl  MOBOBor.   dMden  tafts  agreed  to  Halt  its  vxporU 
lo  fiM^f  Avope  to  7.5  aillion  tm  in 

If  Germany  is  forced  to  withdraw  from  France,  Belfitiiif,  and 
UDCenbourg,it  will  lose  the  large  supplies  of  iron  ore  and  the  steel 
made  in  these  coimtries  on  German  account.    As  a  result,  the  German 
amnial  steel  output  will  decline  about  25  percent.    Should  Sweden 
eitlMr  be  eat  off  tram  Geraany  or  voluntarily  stop  the  shipments  of 
irai  ere,  rednetioa  bgrpecliepir  atetli»  2$  perowt  am  w  Ho  eoqpeeted, 

Germany  would  have  to  distribute  a  diminishing  steel  output 
among  different  steel  products.    As  a  result  of  shortened  lines  of 
communication,  caused  by  the  retreat  from  the  USSR  and  Italy,  Germag^ 
may  decide  to  stop  the  construction  of  railway  cars  or  locomotlyes 
•aA  tfaoe  eljjrinete  tram  its  steel  program  one  of  the  largest  steel* 
eeneoBli^  itew  (oee  TUae  5).   It  ie  equally  prdbeble  tlMt  Qmmav 
will  greatly  redoeoy  if  not  tendmte  alteceUMr,  alXoeatlm  of 
steel  for  plant  oonstruction  work,  for  agrlsaltiizml  aaoiilBery  and 
perhaps  for  the  shipbuilding  program.    It  may  go  even  beyond  thiss 
Should  Germany  be  shown  the  hopelessness  of  the  underwater  attacks 
on  the  United  Nations'  ships,  the  submarine  program  mi^t  be  reduced* 
If  the  value  of  tanks  for  defensive  fighting  becomes  questionable^ 
tlio  oo^pnt  of  theoe  w±gkt  odtellarly  be  oortoUed.   Ontting  to  the 
bene  evecj  dmnd  far  etoel  itdA  wmj  aot  bacre  a  worj  oeriooo  berning 
en  the  war  program  in  19^^,  Germany  probably  will  giwe  bigh  prloritgr 
ratinfT  to  military  materiel  and  will  go  on  producing  ammmltlon, 
tanks,  and  airplanes.    The  Germans  may  even  Increase  the  production 
of  ammunition  and  of  planes  to  protect  the  sky  over  their  "roofleas 
fortress*. 

Tbnoy  GMiiij*8  defeneite  worfiare  msy  not  be  affeetod  if,  la 

19^^,  its  plants  turn  out  not  35,  but  30      even  25,  ■lllleB  tans  of 
steel.    Jihsit  will  matter  is  that  Geznany  may  still  be  capable  of 
maintaining  a  comparatively  high  level  of  alloy  steel  production  and 
probably  will  maintain  this  production  at  the  expense  of  heavy  cuts 
in  carbon  steel  output.    Even  if  Germany  is  forced  to  withdraw  within 
preoMT  firontiere  and  to  return  to  a  steel  output  of  18  to  20  miUloa 
teao  a  T^iKt,  it  may  still  oeatlme  to  Mmifbetiire  wr  mtmriA  eft 
oolj  m  eli^ly  redueed  0eele,aiid  the  Gemn  allpy-eteel  oii^vt  la 
19U  ■•7  be  ebevt  the  one  as  in  1943  or  enly  oli^itly  mUmt. 


* 


.  ^3  . 

gnBuUee  of  Ferro-Allovs  in  19AA 

The  factor  of  ferro-alloy  supplies  is  certain  to  play  an 
important  role  in  Germany's  steel  ecbnoray  during  This  is 

true  of  one  alloying  element  in  jaartlcular,  majiparese,  which  is 
as  iBdispensable  in  steel-making  as  is  yeast  in  making  bread.  The 
loea  ot  Nikopol,  Germany's  main  source  of  current  manganese  supplies, 
ooB  be  expected  in  the  near  fixture.    ISien  this  oeenre,  Gennx^ 
will  be  forced  to  make  every  possible  effort  to  increase  the  produe- 
tlon  of  manganese  from  domestic  manganiferous  ores*    Because  the 
manganese  content  of  these  ores  is  very  low,  they  have  always  been 
considered  as  a  supplementary,  and  not  the  basic,  source  of this 
■etal.    Yet,  as  explained  before,  there  are  expansion  possibilities 

will  oertalnly  be  exploited,  if  they  have  not  been  already 
in  anticipation  of  the  fall  of  Nikopol.   However,  it  is  believed  that 
this  eiqsply  ean  not  beeoae  of  aajor  Is^rtanee. 

At  the  beginning  of  19AA.,  Germany  possibly  had  about  90,000 
tons  of  contained  manganese  in  stock  and  may  have  increased,  to  some 
extent,  the  output  of  plants  within  areas  under  German  control.  The 
total  8iq)pllee  of  manganese  metal,  therefore,  may  amount  to  220, CXX) 
or  230,000  tons,  whioh  would  probably  satisfy  the  19M  requireMnts, 
if  the  total  steel  output  is  redueed  to  25  or  30  million  tene  and 
the  position  in  other  ferro-alloys  romine  at  the  1943  level. 

The  transportation  advantages  accruing  from  the  control  of 
continental  resources  throughout  the  war  may  be  lost  in  19^4.  With 
bonbing  on  an  ever-Increasing  scale,  numerous  interruptions  are 
bound  to  ooeur  at  msny  points*   Plants  having  to  wait  for  iron  ore 
to  arrive  ft>om  Sweden  via  Stettin  or  oUtuar  raided  ports,  for  nickel 
to  come  from  Finland,  or  for  chroae  from  IneoslaTia  or  Turkey,  ean 
hardly  avoid  stoppeces  in  work. 

More  lii5)ortant,  however,  direct  military  action  as  well  as 
ec(»ionie  warfare  measures  may  cut  off  the  sources  of  ferro-alloy 
st^pllee. 

SuDniies  fr»Bi       fiaHmnn  fln^  T^irKffT    ^  loss  of  the  Balkans 
would  cut  off  Qeraaiiy  firos  ite  principal  source  of  chrone  ore. 

As  previously  noted,  Germany  has  shifted,  or  is  on  the  verge 
of  shifting,  to  a  two-alloy  steel  pattern,  based  on  chromium  and 
■■ncp^tfie.    With  on}y  insignificant  stocks  of  chromium  and  meager 
reeervee  in  the  pipe-line,  the  equHibriun  of  the  German  alloy  steel 
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■niiiBom  is  dipcndMit  on  adsqimte  eurrcnt  siqjplies.    Should  Germany 
b«  teired  from  tlie  Bines  of  Tugoslavia,  Qreecey  and  Albeniay  and 
also  lose  the  chrome  imports  from  Turkey,  the  tuo-pattem  system 
of  making  engineering  steels  would  be  seriously  endangered.    If  «11 
sources  of  chrome  are  closed,  Germany  will  not  be  able  to  restore 
the  balance  in  its  ordnance  steels,  no  matter  how  well  provided  it 
■ay  bs  with  Mnganese,  how  efficient  it  is  in  recovering  every 
psssiMs  ton  of  chro«<  or  nlekel  tram  sorap,  or  how  Huob  it  nay 
expBjjd  the  prodnotioB  of  wsBsdin,   nmsy  ths  rooceiqaation  of  the 
Balkans  and  the  cutting  of  Turkish  chrome  supplies  would  sost 
ssriousljr  affsot  ths  oatfiut  of  ordaaiies  stasis  in  Gsrsmy. 

In  addition,  German  current  supplies  of  nickel  will  be  reduced 
bgr  sbovt  12  to  15  percent  when  Greece  is  liberated. 

Hms  losses  in  eoojuiietifm  with  ths  loss  of  Bangansse  tram 
nskopol,  vouM  pises  the  Gsnaa  sXlogr  stssl  seoDosgr  in  a  truly  hopeless 

Suapliea  from  Norway  and  Finland.    The  loss  of  Norway  would  cost 
Geissm  at  least  half  of  its  current  supplies  of  molybdenum,  and 
apprmrtttsly  12  to  15  psreent  of  its  supplies  of  niekel. 

Should  Finland  withdraw  from  hostilities  against  the  USSR  or 
be  forced  to  cease  shipments  of  nickel  to  Germany,  or  shoiald  the 
Petsamo  sselter  be  destroyed  by  bombing,  the  current  nickel  supplies 
to  Germany  would  be  reduced  by  about  50  percent.    The  production  of 
stainless  steels  would,  in  this  event,  have  to  be  drastically  ciirtailed. 
Itk  flicty  the  protestion  of  stainless  steels  say  becone  impossible 
if  Blsksl  sup^ss  froB  the  North  and  ehroae  siqyplies  from  ths  Southeast 

mm  sfiltMisoosly, 

paTOltaa  fygm  thg  I^fgiwn  Peninsula^    Tungsten,  the  all-important 
ferro-alloy  for  high-speed  steels  and  carbide  tools,  is  still  supplied 
in  sufficient  quantities  by  Spain  and  Portugal  to  meet  Gonnany's 
ainijnm  industrial  requirements*    By  the  preemption  of  substantial 
amoimts  of  tungsten  ors  ia  these  countries,  the  X&iited  Nations  nsj  havs 
preiSBtsd  OecBSBor  txom  bull  ding  ^  a  leirgs  stockpUs  for  an  aBsrgttflQr» 
Mk  thiT  hcfs  bsen  unable  to  depriwe  it  of  the  qusnlities  needed  to 
■Mft  slii  I  eiil  industrial  requirements*    Germein  domestic  output  of 
tungsten,  about  200  tons  a  year,  amounts  to  only  five  percent  of  current 
)  dappliii>»    If  tungsten  supplies  from  the  Iberian  Peninsula  were  cut 
off,  the  production  of  hi^-speed  steels  egid  carbide  tools  would  be 
iHtsmptsd*  Vhils  this  vonld  bs  a  ssiers  bios  to  tiis  Gsmaii  tooling 
ifsli^  its  sffse%  BOOIA  sot  bs  1—d!stsay  appsresEt,  bssanss  Osnuqr 
smAA  jibably  csl  along  tor  aaotter  yssr  with  ths  tools  it  hss« 
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The  difficulties  that  Germany  will  encounter  if  current  supplies 
of  ferro-alloys  are  cut  off  may  not  fully  materialize  in  because 
of  the  lag  factor*  . 

As  the  war  situation  becomes  critical,  Germny  may  well  take 
advantage  of  the  long  lag  existing  between  the  time  when  shipments 
of  foreign  ores  cross  the  German  frontier  anc  the  time  v/hen  the 
finished  steel  product,  such  as  the  armor  tank  plate,  or  the  engine 
of  the  aircraft,  actually  reaches  the  battleline.    It  takes  about 
one  week  for  a  carload  of  chrome  or  manganese  ore  at  the  German 
border  to  reach  the  loading  platform  of  the  furnace  of  a  ferro-alloy 
plant,  and  about  ten  days  (formerly  three  weeks)  for  the  ore  to  go 
throu^i  that  plant.    Three  to  four  days  are  required  for  shipping 
the  product  from  the  ferro-alloy  plant  to  the  steel  furnace,  and  an 
additional  five  weeks,  on  the  average,  for  completion  of  the  ingot. 
The  whole  process  can  be  rushed  throup-h  in  eight  weeks,  although, 
in  peacetime,  it  took  about  six  months.    To  maintain  this  hi^-speed  in 
steel-making  and  mamiflacturing  processes,  there  oust  be  no  iiitemq>- 
tion  at  any  point  of  the  line;  transportation  must  function  perfectly, 
plants  operate  on  schedule,  etc.   Aether  such  conditions  can  be 
achieved  in  Gerriany  under  continuous  air  bombardment  is  Questionable* 
It  would  appear  that  three  months  rather  than  eight  weeks  would  be 
a  reasonable  estimate  of  the  lag  from  the  time  the  ore  leaves  the 
German  border  until  it  appears  in  ingot  form. 

The  production  of  ingots,  however,  is  only  the  first  step* 
The  idi^ot  goes  to  a  manufactiiring  plant  idiere  it  is  tised  in  the  aakiiig 

of  an  engine,  a  plate,  or  a  shell.    There  are  many  time-consuming 
stages  in  the  manufacturing  process — shaping,  testing,  assembling  of 
various  par^s,  registering,  loading,  etc.    V-lien  the  steel  product  for 
the  armed  forces  has  been  finished,  it  is  shipped  to  the  proving- 
ground,  then  loaded  again  and  transported  to  b^lod-the-line  depots* 
There  it  is  either  stored  and  later  shipped,  or  imediately  loaded 
and  moved  to  the  battle  area*    Registrations,  checking,  or  changing 
the  destination  also  recuire  time.    On  the  whole,  it  is  a  safe  assiap- 
tion  that  about  three  months  pass  before  a  steel  ingot  reaches  the 
actual  battlefront  in  the  form  of  a  finished  product,  raising  the  total 
lag  to  about  six  months. 

The  significance  of  the  lag  factor  is  that  Germany's  loss  of 
vital  ferro-alloy  sti^lies  will  not  become  apparent  in  the  quality 
cf  war  materiel  in  use  on  the  battlefields  until  6  to  9  months 
after  the  siqpplies  are  cut  off.    Should  Cermsny  lose  the  Ealkans  or 
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the  countries  of  .Vestern  Europe  early  in  1944,  it  may  still  haT« 
available  throui^out  the  latter  part  of  the  year  var  aatariel  of 
the  aaam  quantity  and  qoali-^  as  in  19A3» 

Genrany  will  have  on  its  side  in  this  last  phase  of  the  war 
not  only  the  lag  factor,  but  also  the  pipe-line  reserves,  i.e.,  those 
materials  in  process  of  transport  and  manufacture  and  those  stocks 
necessary  to  insure  continuous  production  of  a  plant,    Althou^  tha 
Germans  have  husbanded  their  si^>plies  of  ferro-alloys  thron^oot  the 
aor,  at  this  stage  they  are  likely  to  adoprt  a  policy  of  throwing 
•MTthing  into  the  balance  on  the  19U  battlafronts.    They  nay  ba 
•opaeted  to  use  up  all  available  reserves,  every  particle  from 
their  pipe-lines.    Such  reserves  in  every  plant  may  amount  to 
supplies  for  a  few  weeks,  a  month, or  more.    The  opportunity  of 
srueezinp  out  the  last  driblet  on  a  continental  scale  may  thus 
delay  by  several  months  the  breakdown  of  Gemaay's  ferro-allOQr 
economy.    Should,  however,  important  areas  be  lost  this  year  and 
the  war  be  prolonged  Into  1945,  the  Geraan  alloy  steal  eeonoacf  will 
ftoea  eoaplete  collapse. 
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